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A Quarterly Econometric Model of the United States: 
A Progress Report 

L LN RECENT years economists have 
made increased use of a relatively 
new tool for analyzing the behavior 
of the overaU economy—the econo
metric model. This kind of model— 
of which there are now a considerable 
number—attempts to depict in a set of 
equations the essential quantitative 
relationships that determine the be
havior of such magnitudes as output, 
income, employment, and prices. 
Econometric models have been used 
for forecasting, estimating the 'quan
titative impact of alternative Govern
ment policies, and testing various 
hypotheses about the nature of the 
business cycle. 

This article presents a quarterly 
model of the U.S. economy that has 
been developed by the OflB.ce of Busi
ness Economics. I t is a variant of one 
constructed under the direction of 
Professor Lawrence R. Klein at the 
Wharton School of Finance and Com
merce of the University of Penn
sylvania. The original model, con
sisting of 34 equations, was designed 
primarily as a forecasting instrument.* 
In the model's further development at 
OBE, this characteristic has been 
maintained. 

I t should be made quite clear that 
this article is a progress report on work 
that must be regarded as experimental. 
Forecasting business activity is haz
ardous whatever technique is used and 
the econometric technique is no 
exception. This article is published 
with the intention of fostering the 

1. See Lawrence R. Klein, "A Postwar Quarterly Model: 
Description and Applications," Models of Income Deter-
mination (Princeton University Press, 1963), pp. 11-57. Seo 
also Lawrence B. Klein and Joel Popl^in, "An Econometric 
Analysis of the Postwar Relationship Between Inventory 
Fluctuations and Changes In Aggregate E conomic Activity,'' 
in Joint Economic Committee, Inventory Fluctuations and 
Economic Stabilization, Part III, 87th Congress, 1st Session, 
1961, pp. 71-89 (U.S. Government Printing Offlce, 1961.) 

progress of research in this field; no 
predictions of the future will be 
presented. 

The first part of this article deals 
with the nature of econometric models. 

The second describes the OBE model. 
The third reports the results of tests 
that show how weU the model has 
depicted the behavior of the U.S. 
economy since the Korean war. 

Econometric Models 

The characteristics of an econometric 
model and the steps involved in its 
construction and use will be explained 
by reference to a simplified version of 
actual models. The following set of 
six equations constitutes a complete 
model, although hardly a realistic one, 
and wUl serve to illustrate the main 
points. 

(1) Ct=ao4-o:iYt-t-a2Ct-i+Uit 
(2) It=/3o-|-ftPt+|82K,_i+U2t 
(3) Wt=yo+YiYt-f72t-l-U3t 
(4) Y t = C , + I t + G , 
(5) P t = Y t - W t 
(6) K.=K._x+I, 

The variables included in the above 
equations are defined as: 

C=Consumption 
Y=Income (net product) 
W=Wage income 
P=Non wage income 
I = N e t investment 

K = N e t capital stock at end 
of period 

t=t ime 
G=Government expendi

tures on goods and 
services 

Ul, U2, U3=disturbance terms 

The subscript t refers to a given time 
period; t-l to the previous period. 

The first equation states that con
sumption in the current period depends 
on the same period's income and on 
consumption in the previous period. 
Net investment, represented in equa
tion (2), is determined by nonwage 
income earned in the current period and 
by the net capital stock available at 
the end of the previous period. Wages, 
in equation (3), are related to income 
and time. The latter stands for factors 
that are not further specified and that 
affect the economic variables gradually 
and persistently. The remaining three 
equations, called identities, are defini
tional statements and are needed to 
complete the model. Total income (or 
net product) is defined in equation (4) 
as the sum of consumption, net invest
ment, and government expenditures. 
(The items that in the real world con
stitute differences between net income 
and product are omitted.) Nonwage 
income is the difference between total 
income and wage income (equation 5), 
and the net capital stock at the end of 
the current period is equal to the last 
period's stock plus current net invest
ment (equation 6). 

The first three equations contain, 
besides the explanatory variables on the 
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right-hand side, the variables Uj, U2, 
and U3 respectively. These terms, 
called disturbance terms, are included 
in explicit recognition of the fact that 
the other variables cannot fully explain 
movements of the dependent variables 
on the left-hand side. Assuming that 
no significant variables have been 
omitted, the disturbance terms can be 
regarded as reflecting random elements 
representing the net effect of a host of 
imknown and unpredictable factors. 
Ideally they are small so that the re
maining ("systematic") part of each 
equation accounts for most of the move
ments in the dependent variable. The 
last three equations, because they hold 
by definition, contain no disturbance 
terms. 

The following section explains how 
the equations of a model are con
structed. A later section shows how 
they are solved and how a inodel is used. 

Constructing the model 

As a basis for an econometric model 
the investigator must, first of all, 
establish a conceptual framework that 
sets forth the way in which he believes 
the economy to work. In the example, 
for instance, there are three compo
nents of final demand—consumption, 
investment, and government expendi
tures—that are determined by different 
sets of factors. Total demand, made 
up of the three components, calls forth 
production of an equal amount; this 
implies that there are no resource 
limitations. On the income side, it is 
assumed that wages are systematically 
explained while nonwage income is 
residually determined. 

Such a framework does not, of course, 
fix the exact character of the model. 
There is wide latitude left with respect 
to the particular form a model may 
take. For instance, it may be highly 
aggregative, containing only a few 
variables and equations, Hke the illus
trative example, or it may be very 
disaggregative, containing many.^ The 

2. Recently developed models vary in size from a five-
equation model (see I. Friend and P. Taubman, "A Semi-
Annual Forecasting Model," Review of Economics and 
Statistics, August 1964, pp. 229-236) to the very large Brobk-
ings-SSRC model, which has over 300 equations in tho 
complete vereion. Seo J. Ducsenberry, O. Fromm, L. 
Klein, and E. Kuh (eds.). The Broolcings Quarterly Econo
metric Model, of the United States (Rand McNally and 
Company, 1965). 

choice depends in part on how much 
the model builder -washes to explain and 
upon how much detail he thinks is 
needed to make a model perform rea
sonably well. Models also vary with 
respect to.the length of the unit time 
period; in practice, this period has 
varied from a quai-ter to a year. 

There is also considerable latitude 
at the next step of inodel building— 
the formulation of the component 
equations. In the example, the first 
three equations represent the kind 
over which the model builder has dis
cretion, for they embody hj^potheses 
regarding economic behavior; the iden
tities arise naturally as logical require
ments for completeness. 

The investigator selects equations as 
a result of testing various economic 
hypotheses on empirical data. More 
specifically, he uses regression methods 
in determining how well the hypotheses 
fit the data for some selected time 
period. In the process, he obtains 
estimates of the parameters, that is, 
values of the a's, jS's, and 7's. Equa
tions embodjdng given hypotheses may 
be entertained during the fitting and 
testing stage only to be subsequently 
discarded because they explain the 
historical data poorly. Others may 
be discarded even if they fit such data 
well, because they do not provide ade
quate predictability when tested beyond 
the period of fitting. 

The testing of hypotheses with actual 
economic magnitudes and the selection 
of a workable set of equations are the 
most important tasks of the model 
builder. He must decide not only 
which variables are to be included in 
each equation but also what form the 
variables are to take. Together, these 
two decisions constitute what is called 
specification. For instance, in the ex
ample, the consumption equation might 
have contained, instead of total income, 
W and P as separate variables. In 
specifying equations, the model builder 
is normally guided by economic theory, 
institutional knowledge of the economy, 
and results obtained by other research 
workers. But there remains a wide 
area of freedom for exercising ingenuity, 
which is reflected in different specifica
tions among different models for equa
tions explaining the same dependent 

variable. The task of specification is 
never really finished since new research 
may suggest other relevant variables 
an(i new forms. Revised specification 
may also be called for because of basic 
changes in the economy that make the 
old equations inapplicable. 

Using the model 

After the equations have been de
cided upon and the parameters esti
mated, the model can be tested as a 
whole and applied. This means solving 
the set of equations for values of the un
known or endogenous variables. First, 
values of the inputs to the model are 
obtained. These inputs are all those 
variables assumed to be known at the 
time the model is to be processed; in 
the case of the illustrative model, these 
are the prior period's consumption and 
capital stock, time, and government 
expenditures. These variables are re-
feired to as predetermined, and they 
include both lagged values of endog
enous variables and other magnitudes, 
such as time and government expendi
tures, designated as exogenous. Vari
ables are regarded as exogenous if they 
are believed to be determined essentially 
outside the economic system. How
ever, certain other variables may be 
treated as exogenous if they cannot be 
adequately predicted by regression 
equations or if making them endogenous 
would require a substantiaUy enlarged 
model. 

After the predetermined values have 
been introduced into the equations, the 
entire set is solved simultaneously, and 
the outputs—the endogenous variables 
—are obtained. In the example, there 
are six independent equations and six 
unknowns, the current endogenous vari
ables Ct, Yt, It, Wt, Pt, and Kt. Thus, 
the model is complete and can be solved. 
The disturbance terms are also un
knowns, but are assumed to be zero in 
accordance with their statistically ex
pected value. Clearly, the values 
determined for each unknown depend 
on both the magnitude of the inputs 
and the coeflicients (the estimates of the 
a's, /3's, and T'S). 

When the model is used for forecast
ing purposes, it is apparent that in 
addition to the lagged values, projec
tions of all the exogenous variables 
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must be included as inputs. In the 
illustrative model, there are only two 
such variables, time and government 
expenditures. Only the latter, of 
course, is not known with certainty. 
With all predetermined values intro
duced, a solution is obtained for the 
first of the future time periods. Fore
casts beyond the first period are made 
by further projections of exogenous 
variables and the use of needed outputs 
of earlier solutions as lagged endogenous 
variables. In the simple model, Ct 
and Kt obtained in the first period 
become Ct-i and Kt_i with respect to 
the next. Successive solutions trace 
out a path over time for all the endog
enous variables. 

Although this article focuses on the 
use of econometric models for forecast
ing purposes, the policy use of a model 
is illustrated here. In the simple 
model, there is only one variable that 
can be regarded as an instrument of 
government policy, namely government 
expenditures. I t is necessary only to 
introduce into the model an alternative 
contemplated value for such expendi
tures under the assumed new policy 
and to solve the model under the 
changed conditions. The difference in 
the model's behavior under the two as
sumed values of government expend
itures represents the effect of the pro
posed change. 

By slightly enlarging.the model, it is 
possible to illustrate another policy use. \ 
If the first equation is modified by sub
stituting disposable income—income 
minus taxes—for total income and 
including an additional equation for 
taxes, the system is again complete 
•with seven equations and seven un
knowns. The model could then be 
used to examine the probable effects of 
a proposed change in tax rates. This 
would involve changing the parameters 
of the tax equation to conform with the 
proposed changes in rates and solving 
the model using the alternative tax 
functions. 

The working of a simple model 

At this stage, an attempt will be made 
to describe verbally how the illustra
tive model would work if it were used 
to forecast the effects of a given in
crease in government expenditures. 

In the case of simple models, such a 
verbal account is possible, and it helps 
nonmathematicians to understand the 
essence of econometric models. In 
the case of models as complex as bhe 
OBE model that will be described, a 
verbal account is not possible. 

1. The assumed increase in go-vem-
ment expenditures will result in an in
crease in product (income) (equation 4). 
This, in turn, will result in an increase 
in consumption (equation 1), and this, 
in turn, in an increase in product 
(income) (equation 4), and so on, aU 
within the same time period. 

2. The assumed increase in govern
ment expenditures will also result in an 
increase in the profit component of in
come (equations 4 and 5), and this will 
stimulate investment (equation 2). 
Next, the increase in investment will 
affect production, income, and its 
profits component, and this will in 
turn stimulate investment (see the same 
equations). A profit-investment inter
action will be in progress, similar 
to the income-consumption interaction 
sketched in paragraph 1. 

3. The increases in investment, by 
raising income wiU also contribute to 
the income-consumption interaction de
scribed in paragraph 1; and the income-
consumption interaction will contribute 
to the profit-investment interaction 
described in paragraph 2. 

Thus, the initial increase in govern
ment expenditures will result in a 
cumulative upward movement in pro
duction and income and their com
ponents—consumption and investment 
and wages and profits. How far this 
cumulative movement will proceed 
depends on the spending behavior of 
consumers and investors. The higher 
the additional spending out of additional 
income, the larger the total effect of 
the initial increase in government 
expenditures. However, it can be 
shown that the upward movement 
will always reach a limit provided not 
all the additional income is spent. 

This exhausts the effects of the 
increase in government spending on 
economic activity in the same period. 
However, there are additional effects 
in the next period. 

4. In that period, consumption will 
increase further, reflecting the depend

ence of current consumption on prior-
period consumption (equation 1), and 
this will in turn tend to stimulate 
aggregate economic activity and its 
components in a manner very similar 
to that already sketched for the prior 
period. 

5. However, another force will be 
working in the opposite direction: 
Investment during the prior period 
will have increased the capital stock, 
and this will reduce investment during 
the current period (equation 2). This 
will tend to bring about a cumulative 
downward movement in economic activ
ity and its components. 

Whether, how soon, and where the 
system will finally settle in response to 
the increase in government expenditures 
win depend on the initial state of the 
economy and the particular behavior 
patterns reflected in the equations. If 
the system does settle down to a unique 
income value, one may regard the effect 
of the additional government expendi
ture as the resulting (ultimate) change 
in output. The ratio of the change in 
output to the initial change in ex
penditure is called the long-run multi
plier.^ If the ratio is computed on the 
basis of the first period effect only, it is 
called the impact multiplier. In a later 
section of this article, the impact 
multiplier for the OBE model will be 
given. 

The above explanation of how the 
inodel works within a period illustrates 
the economic meaning of simultaneity. 
Mathematically, this is reflected in the 
fact that none of the equations can be 
used alone to solve for the left-hand 
variable; the system must be solved as 
a whole. 

I t would be possible by different 
specifications of equations to remove 
the simultaneous character of the simple 
model. We could, for example, sub
stitute Yt-i for Yt in the first equation. 
Consumption would then depend ex
clusively upon lagged variables. In 

3. In some contexts, tho multiplier is confined to tho effects 
on output of changes in exogenous variables operating 
through the consumption-income interrelationship. In this 
article, the use of the term is extended to include effects on 
output operating through the entire model. It should also 
be noted that a model docs not have a single value for tho 
multiplier. Different exogenous elements may have dif
ferent effects. Thus, an assumed change in transfer pay
ments would have a smaller effect on output than an equal 
change in purchases. 
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that case, the equation could be solved 
in isolation from the others since all 
values on the right would be known. 

If the time period t is short enough, 
say a week, the substitution of lagged 
income for current income is not un
reasonable; decisions to spend this week 
may well depend on last week's income 
an(i not on the current week's. When 
the time period is much longer—a 
quarter or more, as it is in almost all 
models—unidirectional causality be
comes doubtful. That is, income earned 
within the quarter can clearly affect ex
penditures within the same period, so 
that causation runs in both directions. 
Such interdependence also applies to 
other variables and points up the im
portance of simultaneity in a realistic 
characterization of economic behavior. 

Forecasting errors 

Needless to say, econometric models 
do not produce perfect forecasts of the 
future. There are several reasons for 
this. First, errors can be made in the 
projections of the exogenous variables. 
In our simple example, for instance, 
government expenditures may turn out 
to be different from those that had been 
projected. Second, the data to which 
the equations are fitted usually contain 
errors; these will affect the estimates of 
the parameters. Incidentally, errors in 
the data will also result in a somewhat 
false standard against which errors of 
prediction are measured. 

These two sources of error should be 
distinguished from those that occur in 
the construction and solution of the 
model and that would lead to faulty 
forecasts even if the exogenous variables 
and the data were perfect. To focus 
on these "model" errors, it is useful to 
regard an econometric model as a 
device that translates given inputs—the 
predetermined variables—'into certain 
outputs, and to inquire into the reasons 
why this translation process may go 
wrong. 

One reason for a model's failure to 
serve as a perfect translator stems from 
the fact that no conceivable set of 
equations can take full account of all 
the causal factors that influence given 
variables. We have already referred 
to the disturbance terms, which reflect 
the factors not taken into account in 

the systematic parts of the equations. 
Although the assumption is made that 
the expected value of the disturbance 
terms is zero, in any given instance the 
actual value may be either positive or 
negative. This -will result in differences 
between predicted and actual values. 

A second type of error also is due to 
the disturbances; their presence tends 
to obscure underlying relationships, thus 
resulting in imprecise estimates of pa
rameters. In other words, the parameter 
estimates are subject to samphng error 
because any given set of observations 
has associated with it a unique set of 
disturbances that would, in general, be 
different if the same structure underlay 
another set of observations. 

Third, the various behavioral equa
tions may not correctly specify the 
underlying economic relationships. In 
terms of our simple model, for instance, 
consumption may depend not only on 
current income and lagged consumption 
but also on, say, Hquid assets held by 
consumers. This is likely to result in 
incorrect estimates of parameters and 
also in nonrandom residuals. 

A final class of errors that may be 
distinguished stems from shortcomings 
in our methods of statistical inference. 
For instance, when two or more vari
ables on the right-hand side of an 
equation tend to move closely together. 

it is difficult to calculate their separate 
effects on the left-hand term. This 
again affects the parameter estimates. 
Also in this class is the problem of bias 
in the parameter estimates when the 
equations are part of a simultaneous 
system. (Appendix B contains a de
scription of the methods used to cope 
with this problem in the present model.) 

The reader might infer from the above 
listing that econometric models are 
beset with errors. This is far from true, 
as the subsequent discussion of the per
formance of the OBE model will show. 
The econometric approach is compa
rable in validity to alternative ap
proaches—for instance, the "judg
mental" method, which may also use 
econometric methods but which does 
not rely on an explicit set of simul
taneous equations, or the "economic 
indicators" approach originally devel
oped by the National Bureau of 
Economic Research. The particular 
promise of the econometric method 
stems from the fact that it provides 
explicit formulations of the cause-effect 
relationships in the economy which can 
be communicated and which are open 
to inspection and testing. In addition, 
compared with methods confined to 
predicting only directional change, the 
method has the clear advantage of 
quantification. 

A Description of the OBE Model 

The equations of the model presently 
in use at OBE are sho^vn in Appendix A. 
This model represents the current stage 
in a process of development that began 
with the Wharton School model re
ferred to in the introduction. 

The original model, with only slight 
modification and with prices assumed 
exogenous, was tested at OBE over a 
fairly long period. During this period, 
certain changes were made.* The 
model presented in this article incor
porates all changes made up to the 
time of this writing. As research pro
gresses and as changes in the economy 
warrant, further modifications will be 
made. 

In its present form, the model con
sists of 49 equations including identities. 

This section briefly describes the equa
tions of the model and points out the 
principal mechanisms that merge the 
different parts into an interdependent 
system. 

Categories of Equations 

The model may conveniently be 
divided into six groups of equations: 
those explaining (1) components of 

4. Some of the changes led to fairly important modifica
tions of the original version, while others entailed relatively 
minor respecification. The most fundamental changes were 
the substitution of an explicit short-term labor demand 
function for an implicit relationship involving a production 
function, the Introduction of an explicit equation for the over
all price deflator, the substitution of a different equation for 
corporate proflts, the further disaggregation of consumer 
durables, the introduction ot an equation for housing starts, 
and the incorporation of a variable statistical discrepancy in 
the income-product identity. 
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GNP, (2) prices and wage rates, (3) 
labor force and employment-related 
magnitudes, (4) income components, 
(5) monetary variables, and (6) miscel
laneous variables needed to round out 
the model. Each of these blocks of 
equations will be discussed briefly. 

Components of GNP 

Four equations explain personal con
sumption expenditures in 1958 dollars. 
These equations pertain to expenditures 
for autos and parts, other consumer 
durables, nondurables, and services 
other than housing. Housing services 
are projected exogenously. Each of 
the consumption components is made a 
function of disposable personal income, 
deflated by an appropriate price de
flator, and of other relevant variables. 
Among the latter, lagged consumption, 
reflecting time taken to adjust con
sumption to changing income levels, 
figures prominently in the nondurables 
and services equations. Other relevant 
variables include the ratio of nonwage 
to wage income-^-which is introduced to 
allow for an income distribution effect— 
population, and deflated liquid assets 
held by households at the end of the 
preceding quarter. 

Gross private domestic investment 
in 1958 dollars is estimated in three 
components: residential structures, 
fixed nonresidential investment, and 
the change in business inventories. 
For the residential component, an 
equation is included to predict the 
number of private nonfarm single-
family housing units started during the 
quarter.^. Multifamily starts, which 
have become quantitatively significant 
only in recent years, are added exo
genously because a satisfactory equa
tion for them has not yet been 
developed. Expenditures on new non-
farm housing construction are obtained 
by multiplying the predicted starts by 
cost per unit started, expressed in 1958 
dollars; this product is phased out over 
time by using a pattern developed by 
the Census Bureau. The total resi-

5. This equation is a modified version of the one developed 
for total private housing starts by S. J. Maisel, "A Theory of 
Fluctuations in Residential Construction Starts," American 
Economic Review, June 1963, pp. 359-383. The rationale 
for the modified equation is discussed by Albert A. Hirsch, 
in "Predicting Housing Starts: Professor Maisel's Model 
Modified" (U.S. Department of Commerce, Staff Worlcing 
Paper in Economics and Statistics No. 6, unpublished). 

214-820 0 - 6 6 - 3 

dential structures component is ob
tained by adding "additions and al
terations" and investiment in farm 
residential structures as exogenous 
variables. 

Investment in nonresidential struc
tures and producers' durable equipment 
depends primarily on businessmen's 
quarterly anticipations of plant and 
equipment expenditures reported in thie 
OBE-SEC survey, converted into 1958 
dollars. First anticipations—projec
tions usually made 6 months in ad
vance—^are used in the equation. In 
addition to this variable, the equation 
contains some others, reflecting the 
factors that may cause actual invest
ment to differ from anticipated invest
ment. Such equations are frequently 
called realization equations. 

The use of anticipatory data in a 
model, when such data are shown to be 
reliable, may be definitely advantageous 
for forecasting. However, the use of 
such data limits the time period over 
which forecasts can be made. For 
more extended forecasts, it would be 
necessary to substitute an equation 
reflecting the basic determinants of 
actual investment outlays for the equa
tion containing the anticipatory data. 
Alternatively, supplementary equations 
designed to predict investment antici
pations could be introduced. 

For purposes other than forecasting, 
equations containing exogenous antici
patory variables are generally unsatis
factory. For instance, if one wishes to 
test the effects of alternative tax 
policies, the use in the model of 
exogenous investment anticipations is 
an obstacle, because it is not possible to . 
determine the effect of the alternative 
policies on the anticipations. 

Inventory investment is explained by 
total sales of private GNP to final 
markets, the prior period's inventory 
investment, durable manufacturers' un
filled orders, and total inventories on 
hand at the beginning of the period, a,ll 
in 1958 dollars. The last variable, 
appearing with a negative coefficient, 
introduces a cycle-producing element 
into the model, as growth of inventories 
in the current period tends to dampen 
inventory investment in subsequent 
periods. 

Imports (in 1958 dollars) are esti

mated by two equations, one for 
finished goods and services and the 
other for crude materials and foodstuffs. 
The first is sunilar to the consumption 
functions in that it includes disposable 
income deflated by the implicit price 
deflator for imports and the ratio of 
nonwage to wage income. The materi
als and foodstuffs equation contains 
lagged private GNP divided by the 
import deflator. 

Exports and government purchases 
of goods and services—'both exogenous 
variables—complete the accounting for 
GNP. 

Price and wage rate equations 

Price indexes are needed to derive 
current-dollar estimates of GNP com
ponents and for other purposes, such as 
deflating disposable income or output in 
the various equations. Most indexes 
represent the appropriate implicit GNP 
deflators. 

The equation for the price deflator 
for private GNP is a function of the 
average unit wage cost of private out
put for the current quarter and two 
previous ones, and of the two-quarter 
change in private final sales. The 
latter variable is made dependent upon 
capacity utilization in order to reflect 
increased sensitivity of prices to demand 
pressures when output is near capacity. 

Three component deflators—those 
for consumer nonauto durables, non-
durables, and fixed nonresidential in
vestment—are made functions of the 
change in the overaU price deflator and 
their own lagged values. Two other 
deflators—for consumer services and for 
residential structures—are made func
tions of the average wage rate. De
flators for autos and parts and for 
imports are exogenous. 

The average (private sector) wage 
rate, which is estimated in the form of 
a percentage change over the previous 
four quarters, is related to the state of 
the labor market as measured by the 
unemployment rate during the inter
vening period, and to two factors that 
have a major role in collective bargain
ing decisions: changes in consumer 
prices and corporate profits. The rela
tive wage change one year earlier—the 
change from eight to four quarters 
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earlier—is also introduced. This term 
appears with a negative sign, suggest
ing that current wage changes are 
moderated by prior wage changes. 

Labor force and employment 
equations 

The labor force has increased secu
larly, both in absolute terms and as a 
proportion of the working-age popula
tion. It is also somewhat responsive to 
cyclical variations in employment. Thfe 
labor force equation incorporates all of 
these elements. The dependent varia
ble is expressed as a participation rate, 
and the explanatory variables are the 
proportion of the working-age popula
tion employed and a time trend. 

Man-hours of labor employed are 
estimated in an equation reflecting both 
secular and cyclical variations in pro-
ductivity.^ The secular variable is 
capacity output, which determines 
man-hour requirements at fuU capacity. 
Two other variables serve to adjust 
man-hours from full capacity to actual 
levels of production. One represents 
an intermediate adjustment of man-
hours to an output level equal to a 
moving average of recently experienced 
output levels, called "planned" output. 
The other is a shortrun adjustment to 
account for the difference between 
actual and planned output. Secular 
changes in man-hour requirements due 
to technological change, the growth of 
the stock of capital, and other factors 
are introduced by making two of the 
coefficients in the equations dependent 
upon time. For purely statistical 
reasons the equation was estimated by 
first dividing through by capacity 
output. 

Private employment is derived by 
dividing the estimate of total man-hours 
by an index of average weekly hours 
worked. The equation for average 
hours worked contains the variables 
"capacity utilization" and "time" to 
reflect cychcal and secular movements. 

Income equations 

Income components represented by 
separate equations are: wages and 
salaries (including other labor income). 

6. See Thomas A. Wilson and Otto Eckstein, "Short-Run 
Productivity Behavior in U.S. Manufacturing," Review of 
Economics and Statistics, February 1964, pp. 41-54. 

nonwage personal income (consisting of 
proprietors' income, rental income of 
persons, div dends, and personal in
terest income), corporate profits (in
cluding the inventory valuation adjust
ment), and dividends. 

Private wages and salaries are ob
tained as the product of private man-
hours and the wage rate (including 
other labor income); government em
ployee compensation is estimated exoge
nously. The equation for corporate 
profits reflects the fact that profits are 
the excess of sales revenues over costs. 
Thus, corporate profits are made to vary 
positively with corporate sales and 
negatively with the ratio of the money 
wage rate to the overall price deflator, 
man-hours per unit of output, and the 
ratio of capacity to actual output. The 
last variable serves as a proxy for unit 
fixed costs. 

Nonwage personal income less divi
dends is made a function of corporate 
profits and time. Corporate profits are 
introduced to reflect some association 
between the entrepreneurial income 
component and profits. The time 
trend is largely associated with the 
secular behavior of the other elements. 
Dividends are related to their value in 
the previous period and are also made 
to vary with current corporate profits. 

Disposable personal income is ob
tained by adding total transfer pay
ments to wage and nonwage incomes 
and subtracting personal tax and non
tax payments and personal contribu
tions for social insurance. Transfers 
other than unemployment compensa
tion are exogenous. 

Monetary equations 

The model contains a small group of 
equations pertaining to monetary mag
nitudes. The short-term interest rate 
is made a function of excess reserves in 
the prior period and of the current re
discount rate. Both are exogenous to 
the model. The long-term rate is, in 
turn, made a function of the short-term 
rate and its own lagged value. The 
long-term rate is used in the equations 
for the FHA mortgage yield and for 
household hquid assets. The latter is 
also made to depend upon personal 
consumption expenditures to reflect 
transactions demand for money. 

Miscellaneous equations 
Finally, there are some equations 

that are not conveniently categorized. 
These are equations for new orders, 
unfilled orders, shipments, deprecia
tion, unemployment compensation, per
sonal tax and nontax pajonents, in
direct business taxes, corporate tax 
liability, capacity output, and a num
ber of identities required to complete 
the structure. Only brief mention will 
be made here of the more important 
functions. 

New orders placed with manufac
turers of durable goods are estimated 
by relating them to corporate profits. 
New orders, in turn, enter into the 
equation for shipments of these goods. 
The timing relationship between orders 
and shipments is variable and depends 
on the size of the lagged ratios of back
logs of unfilled orders to shipments.^ 
Unfilled orders, which are required also 
in the inventory investment and non
auto durables price deflator equations, 
are obtained from lagged unfilled orders 
and the difference between new orders 
and shipments. The new and imfiUed 
orders, shipments, and corporate prof
its variables in the above relationships 
are deflated by an index of wholesale 
prices for durable goods. 

Private output at capacity levels, 
used in a number of equations, is given 
by a production function relating out
put to labor and capital and ah expo
nential trend to reflect technological 
advance. The equation has the Cobb-
Douglas form and uses fixed nonresi
dential capital stock and 97 percent of 
the civilian labor force less government 
employment as measures of available 
capital and labor respectively. 

The equation for personal tax and 
nontax payments is a simple relation 
between such payments and the sum of 
wage and salary and personal nonwage 
income. Indirect business taxes are 
related to final sales of private GNP 
and to time. 

Of the many identities in the model, 
the one relating the income and product 
sides of the national income and 
product account deserves brief mention. 

7. The equation used for shipments has tho same form as 
that used by Joel Popkin in "The Relationship Between 
New. Orders and Shipments: An Analysis of the Machinery 
and Equipment Industries," SURVEY OF CUREEKI BUSINESS, 
March 1965, pp. 24r̂ 2. 
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In addition to income and product 
flows, this statement contains the 
reconciliation items, which include the 
statistical discrepancy. In the present 
model, the discrepancy is not assumed 
at some predetermined value but is 
allowed to vary within certain limits 
imposed on its movement and level.* 

The Model as an. Inter
dependent System 

The foregoing description of the 
equations does not make clear the inter
dependent character of the system. As 
noted in the discussion of interdepen-
dencies in the simple illustrative model, 
it is impossible to give an effective 
verbal account of the interdependence 
in a model consisting of many equations. 
However', with the aid of the flow chart 

8. See Appendix C for the reasons for this treatment and 
an account of the constraints imposed. 

(see chart 7), which depicts a simplified 
version of OBE's model, some idea may 
be obtained of the main interrelation
ships. 

The rectangular boxes in the center 
of the chart represent, in condensed 
form, the main current endogenous 
variables in the model—the variables 
for which a simultaneous solution is 
sought. The rounded boxes to the left 
and right of the vertical dashed lines 
represent, respectively, the more im
portant exogenous and lagged endoge
nous variables. 

The important simphfications to note 
are: Compensation of government 
employees (GNP originating in govern
ment) is assumed to be zero. Consump
tion, investment, and import compo
nents have been aggregated into single 
variables. Component price deflators 

are represented by one box. Corporate 
profits and personal nonwage income 
are consoHdated into one nonlabor in
come variable, which is treated resid
ually in the simplified version although 
not in the fuU model. Some relation
ships, such as those that determine 
unfilled orders, Hquid assets, and hous
ing starts, are not shown. The time 
variable, which appears in several 
equations, is left out, as are relatively 
minor explanatory variables. Finally, 
reconciliation items between national 
income and product are neglected. 

The lines connecting the boxes of 
the chart reveal the direct dependencies 
among variables. The arrows indicate 
the cause-effect direction of these de
pendencies. In the chart, no distinction 
is made between behavioral equations 
and identities. 

CHART 7 
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Some of the interrelationships in the 
system can now be traced. I t is useful 
to point out first the linkage between 
product and income. in the model. 
The boxes representing the GNP com
ponents at the right of the endogenous 
portion of the chart plus government 
purchases and exports make up total 
GNP. By deflating the latter (see the 
line connecting the implicit GNP defla
tor with the line emanating from GNP), 
GNP in 1958 dollars is obtamed. The 
main linkage to the income side of the 
accounts is shown by the line leading 
from GNP m 1958 dollars to the box for 
man-hours and the box for weekly 
hours. One important link thus occurs 
via emplojmient variables. The nest 
of boxes concerned with employment 
and with the wage rate determines labor 
income. As was indicated earlier, non-
labor income is determined residually 
in this simplified version of the model, 
that is, as the difference between GNP 
and labor income. 

The feedback from income to product 
can also be delineated. As expected, 
the main linkage is revealed via the 
chain "income-taxes-disposable income-
consumer expenditures." This chain 
can easily be followed in the chart. 

The way in which prices are deter
mined in the model can also be set 
forth. It is best seen by tracing the 
lines that lead into the implicit price 
deflator box. One such path emanates 
from GNP in 1958 dollars, another from 
labor income, and a third from capacity 
output. The first two of these fiows 
combine to influence prices by changing 
unit labor costs. The first and third 
variables indicate the effect of capacity 
pressures on prices. 

The description of the model given 
previously indicated that component 
prices are made functions of the overall 
implicit price deflator and, in some 
instances, of the wage rate. The main 
influence on component prices stems 
from the former—the box immediately 
adjacent—but it can also be seen that 
a line emanates from the wage rate 
and from lagged prices. 

A number of other relationships can" 
be followed in the chart. For example 
the relationships among the boxes 
concerned with employment and re
lated variables can be traced. Em

ployment is derived from man-hours 
and average weekly hours: To show 
this, a line from weekly hours joins one 
from man-hours and leads to employ
ment. The wage rate is affected by 
unemployment—the difference between 
labor force and employment—and by 
prices. Thus, lines flow to the wage 
rate box from employment, labor force, 
and the component price deflators. 

The reader will note that, with the 
exception of the rounded boxes repre
senting the predetermined variables, 
which he at the extreme right and left 
of the chart, aU boxes have arrows 
entering them as Avell as emanating 
from them. This reveals the simul
taneous character of the system and 
makes it possible to trace paths which 
are closed—that is, paths from any 
endogenous variable through other en
dogenous variables and back to the 
original variable. There are many such 
closed paths—or loops— în the system. 
The income-product loop is seen to be 
the main element of simultaneity. 

Another important loop is that in
volving wages and prices. 

The earlier discussion, of the illus
trative model introduced the concepts 
of long-rim and impact multipliers. 
These ratios constitute important char
acteristics of specific models. In the 
present model, the multipher is not a 
constant but depends to some degree on 
the levels of some variables. A test for 
a recent period, yielded an impact 
multipher on purchases of approxi
mately 1.8. This means that if govern
ment purchases were to be changed by 
$1.0 biUion, the effect on output in the 
same quarter would be $1.8 biUion. 
Owing - to the feedbacks via lagged 
endogenous variables, the cumulative 
effect would be larger in subsequent 
quarters. No figure is given • here for 
the longrun multipher because the 
present model neglects effects of 
changes in exogenous variables on the 
plant and equipment anticipations var
iable—an omission that would lead 
to an underestimate of long-run effects. 

Testing the Model 

Whether a model is to be used for 
forecasting or for studying policy or 
business cycles, the criterion of accepta

bility must be the accuracy of the pre
dictions it produces. In policy studies, 
in which interest focuses on quantita-

Table 1.—Predicted and Actual Gross Nat ional Product, 1953-65 

(Billions of dollars seasonally adjusted at annual rates) 

Current Dollar Totals 

1953 1964 1955 1956 1957 1958 1969 1960 1961 1962 1963 1964 1965 

let Qtr. 
Predicted. 
A.ctual 

2d Qtr. 
• Predicted. 

Actual 

3d Qtr. 
Predicted 
Actual 

4tli Qtr. 
Predicted. 
Actual 

Year 
Predicted. 
Actual 

Predicted 
Actual . . . 
Predicted. 
Actual 

366.6 
364.2 

369.2 
367.5 

373.9 
365.8 

372.8 
360.8 

370.6 
364.6 

362.3 
360.7 

366.2 
360.4 

369.1 
364.7 

374.4 
373.4 

368.0 
364.8 

385.1 
386.2 

396.0 
394.4 

407.1 
402.5 

412.2 
408.8 

399.8 
398.0 

408.9 
410.6 

416.1 
416.2 

415.3 
420.6 

427.4 
429.5 

416.9 
419.2 

442.3 
436.9 

443.5 
439.9 

439.4 
446.3 

439.9 
441.6 

441.3 
441.1 

439.8 
434.7 

442.6 
438.3 

446.0 
451.4 

459.2 
464.4 

446.6 
447.3 

473.5 
474.0 

485.6 
486.9 

483.6 
484.0 

487.4 
490.6 

482.6 
483.6 

606.7 
503.0 

506.1 
604.7 

506.6 
504.2 

608.7 
603.3 

506.8 
603.8 

510.7 
603.6 

618.3 
614.9 

529.9 
624.2 

543.3 
537.7 

525.6 
520.1 

648.6 
647.8 

560.6 
557.2 

668.7 
564.4 

675.8 
672.0 

563.6 
560.3 

573.8 
577.0 

581.0 
583.1 

592.3 
593.1 

604.8 
603.6 

688.0 
589.2 

613.9 
614.0 

624.2 

636.5 
634.8 

638.1 
641.1 

629.2 
628.7 

658.1 
657.6 

670.5 
668.8 

683.3 
681.5 

697.7 
697.2 

677.4 
676.3 

Year-to-year changes 

(Billions of current dollars) 
25.11 3.4 1 35.0 1 18.9 1 22.11 6.5 1 36.2 23.2 1 
19.1 I 0.2 I 33.2 I 21.2 I 21.9 I 6.2 | 36.3 | 20.2] 

(Billions of 1968 dollars) 
21.4 - 0 . 9 34.0 7.6 10.6 - 4 . 2 31.5 14.9 
17.7 - 5 . 8 31.0 8.0 6.6 - 6 . 2 28.6 11.9 

43.4 I 
40.2 

34.3 
32.7 

27.7 I 
28.9 

17.1 
20.0 

48.7 
47.6 

29.3 
32.0 

SouscE: U.S. Department of Commerce, Oflice of Business Economics.. 
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tive differences in economic behavior 
, resulting from alternative pohcy ac
tions, it is necessary, as was noted 
earUer, to take aU major pohcy instru
ments into account and to derive 
endogenously as many as possible of 
the nonppUcy variables. This may 
result in some loss of forecasting accu
racy. But even in poUcy apphcations, 
forecasting accuracy must be reason
ably good if one is to have confidence 
that the dynamic structure of the 
economy has been adequately captured 
by the set of equations. 

This section presents three sets of 
results: (1) a quantitative analysis of 
the overall behavior of the model during 
the entire period 1953 through 1965; 
(2) an examination of the model's per
formance in predicting cycUcal turning 
points; and (3) a detaUed presentation 
of the model's performance for 1965, a 
year that Ues outside the period over 
which the equations were fitted. 

These results do not represent fore
casts in the usual sense of prediction of 
events before they occur. They are, 
rather, ex-post forecasts in which exoge
nous variables are assigned their actual 
values. Lagged endogenous variables, 
however, are those generated by the 
model as current endogenous variables 
of prior quarters. WhUe such tests are 
not strictly pertinent to an actual fore
casting situation, they have the advan
tage of eliminating errors made in 
projecting the exogenous variables. 
Obviously, in judging the vaUdity of a 
model, errors due to wrong assumptions 
about the exogenous variables are not 
relevant. 

There is, however, a sense in which 
tests for the period prior to 1965 are 
not fuUy adequate. Since this is the 
period to which the equations of the 
model were fitted, it is somewhat un
certain whether the basic structure of 
economic behavior was captured or 
whether the equations reflect special 
factors unique to the period. There is 
the further point that the structure of 
the economy may have changed since 
the period, over which the equations 
were fitted. The only conclusive test 
of forecasting accuracy is whether a 
model continues to perform satisfac-
torUy beyond the period from which it 
was derived. This limitation, however, 
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does not imply that ex-post forecasts are 
of no value. Adequate performance 
over the fitted period is at least a neces
sary condition for acceptance; a model 
that performs poorly over the fitting 
period is not Ukely to be a good fore
casting tool. 

I t is important to note in this con
nection that apart from the tests of the 
individual equations discussed earUer, 
the model requires testing as a whole. 
Even if the separate equations fit weU, 
have statisticaUy significant coeflBcients, 
and are theoreticaUy reasonable, the 
model as a whole may stiU perform un-
satisfactorUy. This may be because 

21 

the simultaneous solution of the entire 
system and the use of an earlier period's 
outputs as later inputs may cause 
errors. 

Model Performance, 1953-65 

To test the model's quantitative 
performance, ez-posi forecasts of eco
nomic activity were made for each of 
the 13 years 1953 through 1965. In 
each case, the model was run for the 
four quarters of the year using the 
fourth quarter of the previous year as 
the jumpoff point. Known values of 
exogenous variables were used through-

CHART 8 

Predicted Versus Actual GNP, 1953-65 
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out. AU lagged endogenous variables 
arising from quarters within the year 
were those yielded by the model rather 
than actual values. Thus, the results 
provide a test of how accurately the 
model generates a sequence of outputs 
from an initial starting point. 

Major results of the tests are shown 
in tables 1, 2, and 3 and in chart 8. 
Table 1 gives predicted and actual 
values of GNP in current doUars by 
quarter and by year. The last two 
pairs of lines show predicted and actual 

year-to-year changes in current- and 
constant-doUar GNP. Table 2 lists 
the errors in predicting current-doUar 
GNP and its major components, dis
posable personal income, real GNP, 
and thei implicit price deflator for GNP. 
Errors are defined as predicted minus 
actual values. Table 3 presents sum
mary statistics on errors for the same 
items. The chart shows predicted and 
actual GNP; each four-quarter fore
cast is shown as starting from its prior 
fourth quarter actual GNP jumpoff. 

General time path 

Table 1 and the chart show that the 
model performed quite weU over the 
period. For 9 of the 13 years, the 
error in predicting GNP for the year 
was $3.0 billion or less. As shown in 
table 3, the average absolute error (ob
tained by disregarding the signs of the 
individual errors) for aU 13 forecasts was 
$2.3 biUion. The average absolute 
error for constant-doUar GNP was $2.9 
biUion. As the bottom line in table 1 

Table 2.—Quarterly and A n n u a l Prediction Errors: Selected I t e m s , 1953-65 

(Billions of current dollars seasonally adjusted at annual rates, unless not applicablfi) 

Gross national product 

Personal consumption expendi-

Eesidential structures., . 
Fixed investment, nonresidential. 

Change in business inventories 

Disposable personal income 

GNP In constant (1958) dollars.. 

Implicit price deflator for GNP 
(1958=100) . . . 

Personal consumption 

Fixed investment, nonresidential. 

Change in business inventories... 

Net exports 

Disposable personal income 

QNP in constant (1958) dollars.. . 

Implicit price deflator for GNP 
(1958=100) 

Gross national product 

Personal consumption expendi-

Eesidential structures 
Fixed investment, nonresidential. 

Change in business iaventories... 

Disposable personal income 

GNP in constant (1958) dollars... 

Implicit price deflator for QNP 
(1968=100) . 

1953 

IQ 

2.4 

.5 

- . 8 
.9 

2.0 

.0 

- . 3 

2.0 

.1 

2Q 

1.7 

3.2 

- 1 . 0 
- . 8 

.8 

—.5 

.7 

.7 

•2 

3Q 

8.1 

7.2 

- . 3 
- . 4 

2.6 

—.9 

5.9 

7.4 

.4 

4Q 

11.8 

11.9 

0. 
.1 

2.0 

- 2 . 1 

9.2 

4.7 

1.7 

Year 

6.0 

5.6 

- . 6 
0 

1.9 

—.9 

3.9 

3.7 

.7 

1957 

IQ 

5.4 

.2 

1.7 
.6 

1.9 

.9 

1.2 

5.7' 

- . 1 

2Q 

3.6 

1.4 

.7 

.2 

1.1 

.4 

. .7 

5.6 

- . 4 

3Q 

- 6 . 9 

—4.3 

- . 4 
- 1 . 8 

- 1 . 4 

.9 

- 5 . 9 

. 1 

- 1 . 5 

4Q 

- 1 . 6 

- 3 . 4 

- . 4 
- 1 . 6 

2.7 

.9 

- 2 . 8 

6.2 

- l . S 

1961 

IQ 

7.1 

5.4 

- . 4 
- . 1 

3.3 

—1.1 -

3.0 

6.1 

.2 

2Q 

3.4 

4.6 

.4 
- . 2 

- . 7 

-1.1 

.6 

2.4 

.1 

3Q 

6.7 

6.3 

.9 
- . 2 

- . 4 

.1 

1.1 

4.0 

.3 

4Q 

6.6 

4.5 

.3 

.7 

.4 

- . 2 

.2 

6.6 

- . 3 

Year 

5.5 

4.9 -

. 3 • 

.2 

.7 

—.5 

1.3 

4.7 

.1 -

Year 

0.2 

—1.5 

.4 
- . 7 

1.1 

.8 

- 1 . 7 

4.1 

- . 9 

1964 

IQ 

1.8 

2.9 

- . 2 
.6 

- . 5 

—1.1 

1.4 

6.0 

- . 6 

2Q 

5.8 

2.9 

—.5 
1.5 

1.8 

.3 

4.9 

8.8 

—.6 

3Q 

4.4 

2.3 

- . 9 
1.0 

2.6 

—.6 

4.9 

5.6 

- . 1 

4Q 

1.0 

1-2 

- . 7 
1.3 

- . 4 

- . 7 

3.8 

.2 

.2 

Year 

3.2 

2.3 

- . 5 
1.2 

.9 

—.5 

3.8 

4.9 

- . 3 

1958 

IQ 

5.1 

1.6 

.3 

.4 

2.7 

.2 

1.3 

7.4 

- . 4 

2Q 

4.3 

1.8 

—.4 
—.1 

2.7 

.1 

1.7 

5.3 

—.2 

3Q 

- 8 . 4 

—1.9 

- 2 . 8 
- . 3 

- 1 . 8 

.4 

- 5 . 4 

-4 .9 

- . 3 

1952 

IQ 

0.8 

- . 3 

- .2 
.8 

.1 

fi 

.7 

1.8 

- .2 

2Q 

3.3 

2.8 

- . 6 
- . 7 

1.4 

n 
1.3 

2.6 

.2 

3Q 

4.3 

3.1 

-^.3 
- . 7 

2.2 

.1 

3.8 

2.6 

.3 

4Q ^ 

3.8 

4.0 

- . 1 -
.4 -

- . 1 

—.2 

6.0 

- . 2 

.8 

fear 

3.2 

2.3 

- .3 
- .1 

1.0 

1 

2.9 

1.6 

.3 

4Q 

- 5 . 2 

—.3 

- 3 . 3 
.3 

- 2 . 9 

1.1 

-2 .9 

- 3 . 8 

- . 3 

Year 

—.7 

.3 

- 1 . 6 
.1 

.2 

.4 

- 1 . 3 

1.0 

- . 4 

1966 • 

IQ 

- 1 . 1 

- 1 . 2 

- . 1 
.3 

- . 5 

.4 

.7 

.5 

- . 3 

2Q 

0.6 

.6 

.2 
0 

- . 3 

.1 

1.8 

1.5 

- . 2 

3Q 

4.6 

.4.2 

.6 
- . 8 

.6 

—.1 

3.0 

6.2 

- . 2 

4Q 

3.4 

4.6 

1.4 
- 1 . 2 

- 1 . 4 

.2 

4.2 

3.8 

0 

Year 

1.8 

2.0 

.5 
- . 6 

- . 4 

.2 

2.3 

3.0 

- . 2 

1969 

IQ 

- 0 . 5 

—1.7 

- . 1 
- . 1 

1.1 

. .3 

- . 7 

2.3 

- . 6 

2Q 

—1.3 

—2.6 

.6 
- 1 . 4 

.9 

1.2 

- 1 . 7 

2.5 

^ . 7 

1963 

IQ 

- 3 . 2 

- 2 . 7 

- . 7 
.6 

—.2 

—, 1 

- 2 . 8 

- 2 . 1 

- . 2 

2Q 

- 2 . 1 

- . 2 

- . 4 
- . 3 

- 1 . 2 

.2 

-1..4 

- 1 . 6 

- . 1 

3Q 

- 0 . 8 

.4 

.4 

.3 

- 2 . 1 

.1 

.0 

- 4 . 2 

.7 

4Q 

1.2 

5.2 

- . 4 
.3 

- 3 . 5 

3 

1.0 

- 3 . 8 

.9 

Year 

-1 .2 

.7 

- . 3 
.2 

- 1 . 7 

. i 

- . 8 

- 2 . 9 

. 4 

3Q 

—0.4 

—4.2 

1.0 
- . 3 

1.6 

1.5 

•3 

4.8 

- 1 . 1 

4Q 

—3.1 

—4.9 

1.0 
- . 5 

- . 1 

1.3 

- . 3 

1.9 

- 1 . 0 

Year 

—1.1 

—3.3 

.7 
- . 6 

1.0 

1.1 

- . 6 

2.9 

- . 8 

1955 

IQ 

- 1 . 7 

.3 

- 1 . 3 
- . 4 

- . 8 

.5 

- 1 . 1 

.5 

- . 5 

2Q 

- 0 . 1 

1.3 

- 2 . 0 
1.7 

- 1 . 2 

.1 

- . 6 

.9 

- . 2 

3Q 

- 5 . 3 

- 1 . 8 

- 1 . 7 
.6 

- 3 . 3 

.9 

- 4 . 0 

- 3 . 1 

- . 5 

4Q 

- 2 . 1 

1.0 

- 1 . 0 
.7 

- 2 . 7 

—.1 

- 3 . 6 

.2 

- . 5 

Year 

- 2 . 3 

.2 

- 1 . 5 
.7 

- 2 . 0 

.3 

- 2 . 3 

- . 4 

—.4 

1960 

IQ 

2.7 

4.0 

- 1 . 3 
- . 3 

^2 

.3 

1.7 

1.9 

.2 

1964 

IQ 

- 0 . 1 

.7 

- . 6 
-1 .6 

1.7 

—.3 

1.2 

- . 6 

.1 

2Q 

4 

3 

1 

2 

.1 

.2 

.2 

.2 

.0 

? 

.6 

.0 

.7 

3Q 

1.7 

.4 

.5 
- . 9 

1.8 

n 
1.3 

- . 5 

.3 

4Q 

-3 .0 

.7 

.0 
- 2 . 5 

-2 .2 

1.0 

-2 .6 

- . 9 

- . 3 

Year 

0.5 

1.3 

.1 
- l . S 

.4 

.1 

.7 

- . 6 

.1 

2Q 

1.4 

.6 

- . 7 
.3 

1.8 

.6 

- 1 . 3 

1.2 

.1 

3Q 

2.4 

1.7 

- . 4 
1.1 

.4 

- . 3 

- . 7 

2.6 

.0 

4Q 

6.4 

2.7 

- . 4 
.4 

4.5 

- 1 . 8 

2.5 

6.1 

- . 2 

Year 

3.0 

2.0 

—.6 
.4 

1.7 

- . 3 

.6 

3.0 

.0 

1965 

IQ 

0.5 

2.9 

- . 9 
- 1 . 3 

- . 5 

.5 

1.6 

-1 .5 -

.4 

2Q 

1.7 

- .4 

- .6 
.2 

.5 

2.1 

.4 

-.5 

.4 

3Q 

1.8 

1.9 

- . 2 
- 1 . 2 

- . 6 

2.0 

3.2 

- 1 . 7 

.6 

4Q 

0.5 

3.0 

- . 8 
- . 5 

- 3 . 1 

1.9 

4.1 

- 7 . 2 

1.3 

Year 

1.1 

1.9 

- . 6 
- . 7 

- . 9 

1.6 

2.3 

- 2 . 7 

• . 7 

NOTE.—Error equals predicted minus actual. 
SOUECE: U.S. Department of Commerce, OflSce ot Busmess Economics. 
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shows, the model predicted the de
clines in constant-doUar GNP in both 
1954 and 1958. 

These results are highly summary 
and conceal strengths and weaknesses 
in predicting quarterly economic be
havior as weU as the behavior of indi
vidual components. Table 3 shows, for 
example, that (average absolute) errors 
are not, in general, uniform throughout 
the year. For current-doUar GNP, the 
error tends to increase with the distance 
from the jumpoff quarter, although the 
pattern is not completely consistent. 
The error made in fourth quarter pre
dictions, for example, was $3.7 biUion, 
as compared with $2.5 billion for the 
first quarter. This is not surprising, 
since successive quarterly forecasts em
body whatever errors were made in 
prior periods' components, and these 
enter as inputs in later periods. 

In some instances, relatively smaU 
errors in GNP for the year as a whole 
reflect offsetting positive and negative 
errors made in the individual quarters. 
For 1957 as a whole, for example, pre
dicted GNP differed from actual GNP 
by only $0.2 biUion, because an over
estimate of $4.5 billion for the flrst half 
of the year was virtuaUy offset by an 
underestimate for the second half. 

Quarterly errors in current-dollar 
GNP ranged from a low of —$6.9 bil
lion (third quarter of 1957) to a high of 
$11.8 biUion (fourth quarter of 1953); 
errors in constant-dollar GNP ranged 
from —$7.2 biUion (fourth quarter of 
1965) to $8.8 biUion (second, quarter of 
1954). However, the summary meas
ures given in table 3 show that such 
large errors were exceptional. 

Absolute errors in components 

Comparatively smaU errors in total 
GNP may also reflect larger but 
partly offsetting errors in the compo
nents, as can be seen from table 2. In 
general, however, errors in components 
were also moderate. 

The largest errors occurred in con
sumption expenditures. Average ab
solute errors in this component were 
about the same as for total GNP. One 
might weU expect this since consump
tion expenditures account for about 
two-thirds of GNP and usually for a 
large proportion of its changes. 

Errors in predicting residential con
struction, fixed nonresidential invest
ment, and net exports were relatively 
small. (Errors in ret exports reflect 
errors in imports since exports are 
exogenous.) Average absolute errors 
in each of these items for aU quarters 
and years were less than $1.0 biUion, 

On the average, errors in inventory 
change were somewhat larger than those 
in the last three items mentioned but 
less than those in consumption expendi
tures. Errors in inventory change were 
often relatively large, but it should be 

T a b l e 3 . — S u m m a r y M e a s u r e s o f Q u a r t e r l y 
a n d A n n u a l P r e d i c t i o n E r r o r s f o r S e l e c t e d 
I t e m s , 1 9 5 3 - 6 5 

(Billions of current dollars seasonally adjusted at annual 
rates, unless not applicable) 

Gross national product: 
I Q . . . . . . . . . . 
2Q 
3Q 
4Q 
Year. 

Peraonal consumption ex
penditures: 

IQ. -
2Q. . - . . 
3Q . -
4Q 
Year. 

Residential structures: 
IQ 
2Q 
3Q 
4Q... 
Year 

Fixed investment, nonresi
dential: 

IQ 
2Q 
3Q 
4Q. 
Year. 

change in business inven
tories: 

IQ 
2Q 
3Q 
4Q 
Year. 

Net exports: 
IQ 
2Q 
3Q 
4Q 
Year. 

Disposable personal Income: 
IQ 
2Q 
3Q 
4Q 
Year. 

GNP in constant (1958) 
dollars: 

IQ -
2Q 
3Q 
4Q 
Year 

Implicit price deflator for 
GNP (1958=100): 

I Q — -
2 Q - . . . 
3Q 
4Q 
Year. 

Aver
age 

abso
lute 
error 

Aver
age 

error 

Range 

Low High 

2.5 
2.6 
4.1 
3.7 
2.3 

1.9 
2.0 
3.0 
3.6 
2.2 

1.2 
1.2 
1.6 
2.0 
1.1 

.5 

1.4 
1.5 
3.0 
3.3 
1.? 

2.9 
2.8 
3.7 
3.4 
2.9 

1.5 
2.0 
1.0 
1.4 
1.5 

1.0 
1.4 
1.1 
2.3 
1.4 

- . 4 
- . 3 
- . 3 
- . 3 
- . 3 

.0 

.0 
- . 3 
- . 2 
- . 1 

.7 

.6 
1.4 
.9 

2.2 
2.3 
1.5 
1.0 
1.7 

- . 1 
.0 

- . 1 
.1 

- . 1 

- 3 . 2 
- 2 . 1 
- 6 . 9 
- 5 . 2 
- 2 . 3 

-2.7 
-2.6 
-4.3 
-4.9 
-3.3 

- 1 . 3 
- 2 . 0 
- 2 . 8 
- 3 . 3 
- 1 . 6 

- 1 . 6 
- 1 . 4 
- 1 . 8 
- 2 . 5 
- 1 . 3 

- . 8 
-1.2 
-3.3 
-3.5 
-2.0 

-1.1 
-1.1 
- . 9 
-2.1 
- . 9 

- 2 . 8 
- 1 . 7 

5.9 
- 3 . 6 
- 2 . 3 

- 2 . 1 
- 1 . 6 
- 4 . 9 
- 7 . 2 
- 2 . 9 

- . 6 
- . 7 

-1 .5 
-1 .6 
- . 9 

7.1 
5.8 
8.1 

11.8 
6.0 

6.4 
4.6 
7.2 

11.9 
5.6 

1.7 
.7 

1.0 
1.4 
.7 

1.7 
1.1 
1.3 
1.2 

3.3 
2.7 
2.6 
4.5 
1.! 

.9 
2.1 
2.0 
1.9 
1.6 

3.0 
4.9 
5.9 
9.2 
3.9 

7.4 
8.8 
7.4 
6.6 
4.9 

.7 
1.7 
.7 

SOTIRCE: U.S. Department of Commerce, Offlce of Busi
ness Economics. 

remembered that inventory change is 
the most volatile element in GNP. 

Price behavior was perhaps the 
poorest aspect of the inodel results. 
Average absolute errors in the implicit 
GNP deflator were 0.3 points for each 
of the first two quarters, or only some
what less than the average quarterly 
increase in the actual deflator; for the 
third and fourth quarters, the errors 
were larger. However, the equation 
system is such that errors in the price 
index and in real output tend in oppo
site directions; thus, current-doUar 
GNP does not bear the fuU brunt of 
errors in price. 

Evidence of bias 

There is evidence that errors of 
prediction in the model are not entirely 
random. For the period as a whole, 
there was a sUght tendency to over
estimate GNP. This is indicated by 
positive average errors (obtained by 
netting positive and negative errors), 
shown in the second column of table 3 
for each quarter and for the year as 
a whole; somewhat larger average 
errors are observed for real than for 
current-doUar GNP. 

The tendency to overestimate GNP 
reflected primarUy a simUar tendency in 
personal consumption expenditures. 
Table 2 shows that positive errors in 
consumption were generaUy associated 
with positive errors in disposable in
come—an important determinant of 
consumption. However, such errors 
were not perfectly correlated- Further
more, disposable income exhibited 
smaUer average errors than did con
sumption. 

Average errors in GNP components 
other than consumption were all less 
than $1.0 biUion and in most cases less 
than $0.5 bUlion, indicating little or no 
bias in estimating these components. 
Despite sizable average absolute errors 
hi the imphcit GNP deflator, there was 
no apparent bias in estimating it. 

Busmess Cycle Turning Points 

Tests of a model's performance in 
predicting business cycle turning points 
are clearly important in an overall 
appraisal. Success in making such 
predictions strongly suggests that criti-
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eal dynamic elements in the economy 
have been taken into account in the 
set of equations. FaUure to pass such 
tests reflects adversely on a model's 
rehatUity, at least for periods when 
economic activity is undergoing changes 
in direction. 

Such tests can be applied with 
varying degrees of rigor. A stringent 
criterion of success is the requirement 
that aU turning points be estimated 
with precise timing. This test is 
particularly rigorous when actual 
changes in direction are slight. An 
alternative criterion is that forecasts 
show a directional change in the 
neighborhood of the actual turning 
point. Although considerably less 
rigorous, such a criterion stUl permits 
appraisal of the model's usefulness 
since a somewhat mistimed signal of 

SURVEY OF CURRENT BUSINESS 

change is clearly better than no signal 
at aU. 

In this section, the behavior of the 
model in predicting constant-doUar 
GNP at its six cycUcal turning points 
during the 1953-61 period is examined. 
Three separate four-quarter forecasts 
were made preceding each turning 
point. The first used as a jumpoff the 
quarter three periods before the actual 
reversal; the second anci third started, 
respectively, from two quarters and one 
quarter before the reversal. Thus, 
there were in aU 18 forecasts, 9 for 
upturns and 9 for downturns.' 

Chart 9 presents the forecasts of both 
cons tan t-doUar and current-doUar GNP 
for each of the turning points. The 

9. The forecast three quarters before the 1958 upturn jumps 
ofi from the peak quarter in 1957 and thus is also a forecast 
made one quarter in advance of the downturn that followed. 

May 1966 

discussion focuses on constant-doUar 
GNP because it is the most compre
hensive' measure of real economic 
activity. 

Summary of turning point behavior 

The rigorous criterion of exactly 
coincident timing was met by the model 
only infrequently. Three of the nine 
forecasts of downturns were precisely 
timed—one made two quarters and two 
made one quarter in advance. None 
of the forecasts made three quarters 
ahead manifested precise timing. In 
recoveries, timing was accurate only 
when the forecast was made one 
quarter before the actual upturn; pre
diction was accurate in two of the three 
cases. The results at both peaks and 
troughs suggest that precision is in-

Current and Constant Dollar GNP at Cyclical Turning Points, 1953-61: Predicted Versus Actual 

Downturn 
1953 

Upturn 
1954 

Downturn 
1957 

Billions of Current Dollars 
4 0 0 ....;,<:,r:-.-; r,-, •,-.;,:;-• 475 

3 7 5 :,: 

350 

400 

375 

4 5 0 : . 

4 2 5 ;--

3 2 5 • " .1 • ; .1 ,-..|:, :. :l :. . l .::.|.", '. l ; 350 I I I I I I I I 4 0 0 - ' I - ' •!• '-•: I--- i : : : ; . : i ; ' : : . : i . L : : v ; i : V : . . : r . 

Billions of Constant (1P58] Dollars 
450 ,.,,.,-,.........•,,-> .^..„-,,-,-,..;,„,^,-..,„,~..„, 450 . 475 

425 

400 

425 

400 :;. 

450 ;,.,;•:; "T 

425 "-^y^--

375 
:|-.;.;...|.:;v:..:.|;: . ; , l , - t . . , . l : , , : i . I - , , . : . I : M v 
3 4 1 2 3 4 1 2 

1952 1953 1954 1953 

U.S. Department of Commerce, OfTice of Business Economics 

375 
y | : , . ; . . ; ; , r ; . i , ' ; | : . ; ; : - ; i . . . ^~:•l:::^:•^:•r;:.•^VI.v^^•::l:• 

3 4 1 2 3 4 1 2 
1953 1954 1955 
Quarterly, Saasonally Adjusted, ot Annual Rates 

400 ••s^-^l^--';^l-^---;l:^..;i..:l.:.-a'si-kk^5:Ui;.ikl:,.iii 
^ ' 2 3 4 1 2 3 

1956 1957 1958 
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creased when the jumpoff quarter is 
close to the actual turning point. 

The performance of the model was 
very good when the criterion was 
relaxed to require only that it predict 
a turning point in the neighborhood of 
the actual turning point—for instance, 
one quarter on either side. The chart 
shows that all but 3 of the 18 forecasts 
met this criterion. The exceptions 
were forecasts made three quarters 
before directional changes occurred. 

The foregoing summary was con
cerned solely with the extent to which 
turning points were successfully pre
dicted. The following section is a brief 
analysis of the model's behavior with 
particular reference to individual cycles. 

Performance in individual cycles 

Perhaps the best performance at 
cychcal turning points was in the 

1957-58 period. Forecasts two and 
three quarters before the fourth quarter 
1957. decline showed a contraction in 
activity in the third quarter. The 
forecast made one quarter before the 
actual turning point predicted it cor
rectly. All three of these forecasts 
warned of a substantial decline in 
constant-dollar GNP, similar to that 
which actually occurred. 

Beginning two quarters ahead, the 
model also predicted the 1958 upturn 
and to some extent its strength. Of 
particular interest is the forecast made 
two quarters before the upturn began. 
I t shows a continuation in the decline 
of real GNP for one more quarter, 
foUowed by a levehng off prior to 
recovery. The forecast one quarter 
before the upturn correctly predicted 
the recovery. 

On balance, the behavior of the 
model in the mild recession of 1960-61 
was not as good as in the 1957-58 
recession. The model performed as 
weU, if not better, in predicting the 
downturn, but was markedly less suc
cessful in predicting the upturn. 

With respect to the 1960 downturn, 
the forecast made three quarters earlier 
started from the third quarter of 1959. 
This quarter was dominated by the 
contractionary influence of a strike in 
the steel industry. The model pre
dicted a continued decline for one 
quarter, a sharp advance for one quar
ter, and much smaUer advances for the 
two quarters in which actual constant-
dollar GNP was edging down from its 
peak. The forecast made two quarters 
before the downturn gave early warning 
of the exact quarter in which it would 

Upturn 
1958 

CHART 9 

Actual 
Three Quarters Ahead 1 
Two Quarters Ahead — — [ PREDICTED 
One Quarter Ahead J 

Downturn 
1960 

Upturn 
1961 

Billions of Current Dollars 
500 , , „ , .. 550 „ . 575 

525 

500 - — 

475 

550 

525 

500 I I I r ' I I I : 

Billions of Constant (1958) Dollars 
500 . , , 525 550 

475 

450 

425 1 I -.1 . L . I - I 1 1 1 . 
2 3 4 1 2 3 4 1 

1957 1958 1959 

500 • , . . . . - - _ , - . ,- ' ' 525 

500 

450 . I I I . J . . L . J _ J _ . 1 . . . . 475 i ' . . I ' I . . -I ' I ' . I l " I I- . 
2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 

1959 1 9 5 0 1951 1960 1961 1962 

Quarterly, Seasonally Adjusted, at Annual Rates GE-5-10 

f 
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start. The forecast made one quarter 
before the downturn was timed correctly 
and the predicted decline was about the 
right size. In addition, this forecast 
indicated the ensuing upturn, but 
placed it in the first quarter of 1961, 
when actual constant-dollar GNP fell 
only slightly further to reach its trough 
for that recession. 

The prediction made three quarters 
before the upturn was quite inaccurate, 
forecasting the recovery two quarters 
before it actually occurred. The fore
cast made one quarter later also gave a 

premature signal. The forecast made 
at the trough correctly indicated recov
ery. However, in view of the failure of 
the two preceding forecasts to materi
alize, it could easily have been dis
counted as another premature signal. 

The forecasts for the 1953-54 period, 
particularly for the recovery, were least 
satisfactory though stiU relatively use- • 
ful. AU forecasts, including the one 
made three quarters ahead, showed a 
recession but in each case one qxiarter 
later than it actuaUy occurred. Despite 
the timing error, the persistency vnth 

which the model suggested a recession 
made the forecasts of value. During 
the recession, two premature signals of 
recovery were obtained, although the 
second one suggested it would be 
abortive. A continuation of the decline 
in constant-dollar GNP was forecast 
at the trough. 

Forecast for 1965 

As was pointed out earlier, the fore
cast for 1965, since it is outside the 
period to which the equations were 

Table 4.—^Predicted and Actual Gross Nat ional Product and Components , I n c o m e a n d Reconci l iat ion I t e m s , and Selected 
Supplementary I t e m s , 1965 

(BiUions of dollars seasonally adjusted at annual rates, unless not applicable) 

1964— 
4th 
Qtr. 

Actual 

1st Quarter 

Pre
dicted 

Actual Differ
ence 

2d Quarter 

Pre
dicted 

Actual Differ
ence 

3d Quarter 

Pre
dicted 

Actual Differ
ence 

4th Quarter 

Pre
dicted 

Actual Differ
ence 

Year 

Pre
dicted 

Actual Differ
ence 

Gross national product-

Personal consumption expenditures 
Automobiles and parts 
Durable goods other than automobiles 

and parts 
Nondurable goods 
Services 

Gross private domestic investment 
Fixed investment, nonresidential.. 
Residential structures 
Change in business inventories 

Net exports of goods and services.. 
Exports* -
Imports -

Government purchases of goods and services*. 

Gross national product 

Less: Capital consumption allowances* 
Indirect business tax and nontax iiability... 
Business transfer payments* 
Statistical discrepancy 

Plus: Subsidies less current surplus of govern
ment enterprises* 

Equals: National income 

Less: Corporate profits and inventory valuation 
adjustment 

Contributions for social insurance* 
Wage accruals less disbursements* 

Pius: State unemployment insurance beneSts 
Business and other government transfer 

payments to persons* 
Interest paid by government (net) and by 

consumers* 
Dividends 

Equals: Personal income 

Less: Personal tax and nontax payments. 

Equals: Disposable personal Income 

Less: Personal consumption expenditures , 
Interest paid by consumers* 
Personal transfer payments to foreigners* 

Equals: Personal saving 
Saving rate (percont) 

Gross national product In constant (1958) dollars. 
Implicit price deflator for GNP (1958=100) 

Civilian labor force (millions of persons) 

Employment (millions ot persons) 
Unemployment (millions of persons). 
Unemployment rate (percent) 

641.1 

405.9 
24.8 

33.1 
180.9 
167.1 

97.7 
63.5 
26.7 
7.5 

8.9 
38.4 
29.5 

128.6 

641.1 

58.9 
59.3 
2.4 

—2.2 

1.5 

526.3 

64.9 
28.4 
- . 1 

2.4 

34.4 

19.5 
17.7 

507.1 

60.7 

446.4 

405.9 
10.4 

.6 
29.5 
6.6 

584. 7 
109.6 

74.5 

70.7 
3.8 
5.1 

658.1 

419.8 
29.9 

34.5 
185.0 
170.4 

100.7 
65.6 
26.8 

6.5 
34.7 
28.2 

131.3 

658.1 

57.7 
60.9 
2.3 

- 1 . 2 

1.4 

639.8 

69.0 
28.9 

.0 

2.2 

35.9 

10.9 
18.2 

518.1 

65.2 

452.9 

419.8 
10.6 

21.9 
4.8 

596.2 
110.4 

74,9 

71.4 
3.5 
4.6 

657.6 

416.9 

34.3 
182.8 
169.5 

103.4 
66.9 
27.7 

6,0 
34.7 
28.6 

131.3 

657.6 

57.7 
61.5 
2.3 

- 3 . 1 

1.4 

540.6 

71.7 
28.9 

.0 

2.4 

35.9 

19.9 
18.0 

516.2 

64.8 

451.4 

416.9 
10.6 

.6 
23.3 
5.2 

697.7 
110.0 

75.0 

71.3 
3.6 
4.8 

0.5 

2.9 
- . 4 

.2 
2.2 
.9 

- 2 . 7 
- 1 . 3 

.6 

. 0 
- . 4 

. 0 

. 5 

.0 
- . 6 

.0 
1.9 

.0 

- . 8 

- 2 . 7 
.0 
.0 

- . 2 

.0 

.0 

.2 

1.9 

.4 

1.5 

2.9 
.0 
.0 

-1 .4 

- 1 . 5 
.4 

- . 1 

.1 
- . 1 
- . 2 

670. 

424. 

35. 
187. 
173. 

102. 
68. 
27. 
6.! 

10.] 
40.^ 

30.; 

133.; 
670. i 

58. ; 
62.; 

2 . : 

1.3 

549.0 

70.8 
29.2 

.0 

2.0 

35.2 

20.4 
18.7 

525.4 

66.5 

458.9 

424.1 
11.0 

.6 
23.2 
5.1 

603.0 
111.2 

75.2 

72.0 
3.3 
4.3 

668.8 

424.5 
29.3 

34.2 
187.9 
173.1 

102.8 
68.4 
28.0 
6.4 

8.0 
40.4 
32.4 

133.5 

668.8 

58.3 
61.4 

2.3 
- 1 . 4 

1.3 

549.5 

72.0 
29.2 

. 0 

2.2 

35.2 

20.4 
18.6 

524.7 

66.2 

458.5 

424.5 
I I . 0 

22.4 
4.9 

603.5 
110.8 

75.5 

71.9 
3.6 
4.7 

1.7 

- . 4 
- 1 . 1 

.8 
- . 4 

.3 

. 1 

. 2 

2.1 
. 0 

- 2 . 1 

.0 

1.7 

. 0 
1.1 

. 0 
1.1 

. 0 

- . 5 

- 1 . 2 
. 0 
. 0 

- . 2 

.0 

. 0 

. 1 

. 7 

.4 

- . 4 
.0 
.0 

—.5 
.4 

- . 3 

. 1 
- . 3 
—.4 

683.3 

434.4 
29.2 

36.1 
191.9 
177.2 

104.2 
69.7 
27.5 

7.0 

9.4 
40.1 
30.7 

135.4 

683.3 

•59.1 
62.2 
2.3 

.5 

1.2 

560.4 

72.3 
29.6 

. 0 

2.0 

39.0 

20.8 
19.2 

539.5 

65.1 

474.4 

434.4 
11.3 

. 6 

28.1 
5.9 

611.2 
111.8 

75.5 

72.3 
3.2 
4.2 

681.5 

432.5 
30.3 

35.0 
190.6 
176.7 

106.2 
70.9 
27.7 

7.6 

7.4 
40.1 
32.7 

135.4 

681.5 

59.1 
62.0 

2.3 
1.4 

1.2 

557.9 

73.5 
29.6 

. 0 

2.2 

39.0 

20.8 
19.2 

536.0 

64.8 

471.2 

432.5 
11.3 

. 6 

26.8 
5.7 

613.0 
111.2 

75.8 

72.4 
3.4 
4.4 

1.8 

1.9 
-1.1 

1.1 
1.4 
.5 

-2.0 
-1.2 
- . 2 
- . 6 

2.0 
.0 

-2 .0 

. 0 

2.5 

- 1 . 2 
. 0 
. 0 

- . 2 

.0 

.0 

.0 

3.5 

.3 

3.2 

1.9 
.0 
.0 

1.3 
.2 

- 1 . 8 
.6 

- . 3 

- . 1 
- . 2 
- . 2 

697.7 

444.0 
30.1 

38.0 
195.3 
180.6 

105.9 
72.5 
26.4 
7.0 

8.8 
40.8 
32.0 

139.0 

697.7 

59.8 
63.5 
2.3 
1.0 

1.1 

572.2 

72.2 
30.2 

.0 

2.0 

37.6 

21.1 
19.7 

550.3 

65.9 

481.4 

444.0 
11.6 

28.2 
5.8 

617.2 
113.0 

75.8 

72.6 
3.3 
4.4 

697.2 

441.0 
30.1 

36.3 
195.0 
179.6 

110.3 
73.0 
27.2 
10.1 

40.8 
33.9 

139.0 

697.2 

59.8 
62.9 
2.3 
2.4 

L l 

570.8 

75.2 
30.2 

.0 

2.0 

37.6 

21.1 
19.9 

546.0 

65.7 

480.3 

441.0 
11.6 

.0 
27.1 
5.6 

624.4 
111.7 

76.1 

72.9 
3.2 
4.2 

0.5 

3.0 
.0 

L7 
.3 

1.0 

- 4 . 4 
- . 5 
- . 8 

- 3 . 1 

1.9 
.0 

- 1 . 9 

.0 

.5 

.0 

.6 

.0 
- 1 . 4 

.0 

1.4 

- 3 . 0 
.0 
.0 

.0 

.0 

.0 
- . 2 

4.3 

.2 

4.1 

3.0 
.0 
.0 

1.1 
. 2 

- 7 . 2 
1.3 

- . 3 

- . 4 
. 1 
. 2 

430.6 
29.4 

35.9 
189.9 
175.4 

103.4 
69.1 
27.0 
7.3 

8.7 
39.0 
30.3 

134.8 

677.4 

58.7 
62.3 
2.3 
.0 

1.2 

555.4 

71.1 
29.5 

.0 

2.0 

20.6 
19.0 

533.3 

65.7 

467.6 

430.6 

n.i 

25.4 
6.4 

606.9 
111.6 

72.1 
3.3 
4.4 

676.3 

428.7 
30.0 

35.0 
189.0 
174.7 

105. 7 
69.8 
27.6 
8.2 

7.1 
39.0 
31.9 

134.8 

676.3 

58.7 
62.0 
2.3 

- . 2 

1.2 

554.7 

73.1 
29.5 

.0 

2.2 

36.9 

20.6 
18.9 

530.7 

65.4 

465.3 

428.7 
11.1 

.6 
24.9 
5.4 

609.6 
110.9 

75.6 

72.2 
3.4 
4.6 

1.1 

1.9 
- . 6 

.9 

.9 

.7 

- 2 . 3 
- . 7 
- . 6 
- . 9 

L6 
.0 

- 1 . 6 

.0 

L l 

.0 

.3 

.0 

.2 

.0 

.7 

- 2 . 0 
.0 
.0 

- . 2 

.0 

.0 

. 1 

2.6 

.3 

2.3 
L9 
.0 
.0 

.5 

.0 

- 2 . 7 
.7 

- . 2 

- . 1 
- . 1 
- . 2 

•Exogenous var iab les . 

SotJKCE; U . S . D e p a r t m e n t of Commerce , Office of Bus iness Economics a n d U .S . D e p a r t m e n t of L a b o r , B u r e a u of Labor Sta t i s t ics . 
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fitted, is a more adequate test of the 
model's performance than are the fore
casts made for 1953-64. Moreover, 
1965 presented something of a challenge 
to econometric models because special 
account had to be taken of a number of 
unusual events. 

A dock strike occurred early in the 
first quarter reducing the volume of 
imports and exports. At the same 
time, production of autos picked up 
sharply foUowiag the auto strikes in 
late 1964. Steel producers and users 
contuiued to accumulate inventories ia 

anticipation of a steel strike. During 
the third quarter of the year, excise 
taxes on a number of consumer goods— 
mainly consumer durables—were re
moved, lowering prices paid by con
sumers. Apart from the further reduc
tion in income tax rates in 1965, personal 

Table 5.—^Predicted a n d Actual Values for Endogenous Yariables, 1965 * 

Gross national product components, bil
lions of 1958 dollars: 

Personal consumption expenditures 

Automobiles and parts 
Durable goods other than automo-

Nondurable ijoods 

Fixed investment, nonresidential.. 
Residential structures, nonfarm 

Change in business inventories 
Imports of crude materials and fooQ-

stufts 

Imports of other goods and services 
Gross private output, excluding hous-

Gross private output at capacity 

Implicit price deflators (1958=100): 

Personal consumption expenditures 

Durable goods other than automo-

Nondurable goods.. 

Fixed investment, nonresidential 

Gross private output, excluding hous-

Tncome and related Items, billions of dol
lars: 

Nonwage personal income 
Wage and salary disbursements and 

Profits tax liability. 
Undistributed profits and inventory 

valuation adjustment 
state unemployment insurance benefits-

Wage rate, hours worked and output per 
manhour, private sector: 

-Annual wapo rate, thousands of dollars.. 
Index of weelfly hours worked, 1957-

69=100 
Index of output (excluding housing 

services) per man-hour, 1957-59=100.. 

Monetary variables: 

Interest rate, 4-6 month commercial 

Yield, corporate bonds (Moody's) per-

Mortgage yield, secondary mrrket, 
FHA-insured new homes, percent 

Liquid assets of households, billions of 
dollars , 

Miscellaneous: 

Net stock of flxed investment, nonresi
dential, billions of 1958 dollars 

Durable manufacturers' new orders per 
quarter, billions of 1957-59 dollars 

Durable manufacturers' shipments per 
quarter, billions of 1957-59 dollars 

Durable manufacturers' unfilled orders, 
end of quarter, billions of 1957-59 

Private nonfarm housing starts, thou
sands of units 

1964— 
4th Qtr. 
Actual 

24.8 

33.1 
171.8 
90 5 

59.6 
23.0 

7.1 

5 8 

23.2 

478 4 

552.0 

107.7 

100.0 
IDS. 3 
116 8 

106.6 
113.6 

107.7 

123.3 

359.7 
28.1 

19.1 
2.4 

5.626 

.988 

1.203 

4.06 

4.58 

5.45 

323.8 

468.1 

58.1 

56.8 

52.4 

1,532.0 

1st Quarter 

Pre
dicted 

29.6 

34.4 
174.6 

61.0 
23.3 

7.7 

5 3 

22.2 

558.7 

108.1 

100.3 
105.9 

107.5 
112.6 

108.5 

124.7 

368.2 
28.5 

22.9 
2.2 

5.683 

.990 

1.219 

4.47 

4.66 

5.47 

329.7 

472.8 

61.6 

66.8 

56.7 

1,501.5 

Actual 

30.2 

34.3 
173.2 

62.5 
23.8 

8.6 

22.8 

.559.0 

108.0 

100.0 
105.5 

107.0 
114.2 

108.0 

124.4 

366.4 
29.5 

24.2 
2.4 

5.643 

.993 

1.222 

4.30 

4.66 

5.45 

332.9 

472.7 

62.1 

60.1 

53.8 

1,450.0 

Dif
ference 

- 0 . 6 

.1 
L 4 

- 1 . 5 
—.5 

- . 9 

- . 6 

- . 3 

.1 

.3 

.4 

.5 
- 1 . 6 

5 

.3 

1.8 
- 1 . 0 

- 1 . 3 
- . 2 

.040 

- .003 

- .003 

.17 

.10 

.02 

- 3 . 2 

.1 

- . 5 

- 3 . 3 

2.9 

51.5 

2d Quarter 

Pre
dicted 

28.0 

34.8 
175.8 

63.2 
23.6 

6.4 

5 3 

24.7 

565.4 

108.9 

100.8 
106.7 
118.6 

108.6 
113.5 

126.8 

374.5 
29.2 

22.5 
2.0 

5.771 

.988 

1.224 

4.47 

4.73 

5.50 

334.6 

478.0 

63.2 

58.8 

60.5 

1,488.9 

-Actual 

29.1 

34.3 
176.4 

63.7 
23.9 

6.2 

5 8 

26.1 

667.0 

108.7 

99.7 
106.5 
118.7 

107.3 
115.1 

108.9 

128.5 

371.7 
29.8 

23.6 
2.2 

5.727 

.988 

1.227 

4.38 

4.58 

5.45 

338.9 

478.0 

62.1 

59.9 

55.5 

1,524.0 

Dif
ference 

- 1 . 1 

.5 
- . 6 

.3 

- . 5 
- . 3 

.2 

—.5 

- 1 . 4 

—.6 

- 1 . 6 

.2 

L l 
.2 
1 

1.3 
- 1 . 6 

• . 5 

- 1 . 7 

2.8 
- . 6 

-1 .1 
- . 2 

.044 

.000 

- .003 

.09 

.15 

.05 

-4 .3 

.0 

1.1 

-1 .1 

5.0 

-35.1 

3d Quarter 

Pre
dicted 

29.4 

36.3 
179.2 
93 4 

63.6 
23.4 

6.5 

5 3 

25.0 

500 8 

569.4 

109.1 

99.4 
107.1 

109.6 
114.5 

128.4 

383.1 
29.8 

22.1 
2.0 

5.881 

.989 

1.242 

4.49 

4.79 

5.53 

345.7 

483.0 

64.5 

60.4 

64.1 

1,422.3 

Actual 

30.7 

35.7 
177.8 
92.9 

66.0 
23.2 

7.2 

5.0 

27.1 

502 3 

571.3 

109.0 

98.0 
107.2 

107.4 
117.1 

109 2 

130.7 

377.4 
30.1 

24.2 
2.2 

5.765 

.988 

1.244 

4.38 

4.66 

5.45 

348.5 

483.7 

63.5 

6L6 

57.2 

1,431.0 

Dif
ference 

- L 3 

.6 
1.4 
.5 

- 2 . 4 
.2 

- . 7 

.3 

- 2 . 1 

1.5 

- L 9 

.1 

1.4 
- . 1 

2.2 
- 2 . 6 

- 2 . 3 

5.7 
- . 3 

- 2 . 1 
- . 2 

.116 

.001 

- .002 

.11 

.13 

.08 

- 2 . 8 

- . 7 

1.0 

- 1 . 2 

6.0 

- 8 . 7 

4th Quarter 

Pre
dicted 

30.5 

38.0 
181.0 
94.3 

65.6 
22.3 

6.5 

5.4 

26.0 

504.8 

577.2 

109.6 

100.0 
107.9 
120 7 

110.6 
115.7 

no 8 

128.9 

395.2 
29.8 

20.8 
2.0 

5.967 

.989 

1.235 

4.66 

4.86 

5.57 

355.9 

488.4 

64.3 

62.7 

68.0 

1,415.5 

Actual 

30.4 

37.5 
18L0 
93.6 

67.6 
22.6 

9.8 

6.0 

26.9 

512.0 

579.3 

109.3 

97.1 
107.7 
120.6 

108.0 
117.9 

109.4 

133.0 

387.0 
31.1 

24.2 
2.0 

5.781 

.990 

1.251 

4.47 

4.77 

5.49 

359.0 

489.4 

65.4 

62.4 

60.2 

1,537.7 

Dif
ference 

0.1 

.5 

.0 

.7 

- 2 . 0 
- . 3 

- 3 . 3 

- . 6 

- . 9 

—7.2 

- 2 . 1 

.3 

2.9 
.2 
.1 

2.6 
—2.2 

1.4 

- 4 . 1 

8.2 
- L 3 

- 3 . 4 
.0 

.186 

- .001 

- .016 

.19 

.09 

.08 

- 3 . 1 

- 1 . 0 

- 1 . 1 

.3 

7.8 

-122.2 

Year 

Pre
dicted 

29.4 

35.9 
177.6 
93.0 

63.4 
23.2 

6.8 

5.3 

24.5 

497.1 

567.7 

108.9 

100.1 
106.9 
119 0 

109.1 
114.1 

109 6 

127.2 

380.2 
29.3 

22.1 
2.0 

5.826 

.989 

1.230 

4.52 

4.76 

5.62 

341.5 

480.6 

63.4 

59.7 

62.3 

1,457.0 

Actual 

30.1 

35.4 
177.1 
92.3 

65.0 
23.3 

7.9 

5.4 

25.7 

499.8 

569.2 

108.8 

98.7 
106.7 
119.2 

107.4 
116.1 

108.9 

129.2 

375. 6 
30.1 

24.1 
2.2 

5.729 

.990 

1.236 

4.38 

4.64 

5.46 

344.8 

481.0 

63.3 

61.0 

56.7 

1,485.7 

Dif
ference 

- 0 . 7 

.5 

.5 

.7 

- 1 . 6 
- . 1 

- 1 . 1 

—.1 

- 1 . 2 

- 2 . 7 

- L 5 

.1 

1.4 
.2 

•? 

1.7 
- 2 . 0 

.7 

—2.0 

4.6 
—.8 

- 2 . 0 
- . 2 

.097 

- .001 

- .006 

.14 

.12 

.06 

- 3 . 3 

- . 4 

.1 

- 1 . 3 

5.6 

-28 .7 

NOTE.—All data not specifically noted are at seasonally adjusted annual rates. 
1. Items shown in table 4 are not repeated here. 

SOCECE: U.S. Department ot Commerce, Offlce of Business Economics and Bureau of the Census; 
Reserve System. 

U.S Department ol Labor, Bureau of Labor statistics; Board oi Governors, Federal 
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tax payments dropped from the some
what inflated levels of the first half, 
which were associated with the under-
withholding of taxes in 1964. 

Fortunately, an econometric model 
is sufiiciently flexible to make allow
ances for special factors of the kind just 
described. In an actual forecasting 
situation, such factors must, of course, 
be anticipated and quantifled along 
vnth the usual exogenous variables. 
In testing the model over a past period, 
as with the OBE model, the task is 
made easier by the existence of ex-post 
information regarding the special fac
tors. But most special elements can
not be isolated mth precision even in 
retrospect. For example, in the pres
ent instance avaUable data do not 
clearly indicate how much inventory 
buUdup was due to the anticipation of 
a strike and how much was "normal." 
It is usuaUy possible, however, to 
prepare at least a crude estimate of the 
special factors.^" 

It may be noted in this connection 
that the 1953-64 forecasts discussed 
previously were not adjusted for special 
factors other than through the use of 
the "dummy" variables appearing in 
the auto and inventory equations and 
through allowance for changes in taxes. 

Tables 4 and 5 present in fuU detail 
the outputs of the model by quarter and 
for the year as a whole, together with 
corresponding actual values and errors 
of prediction. Table 4 presents GNP 
and its components in current doUars, 
income and reconciliation items, and 
certain supplementary items inckuhng 
labor force and employment data. 
Table 5 gives endogenous variables not 
shown in table 4. 

10. Specifically, the follo^ving adjustments were made: 
To allow for abnormal auto purchases in the flrst quarter, 
a "dummy" variable—which is included in the auto equation 
to take care of strike situations—was assigned a value ot 
one, adding $1.9 billion more to consumer purchases than the 
equation would otherwise have yielded. Similarly, $2.0 
billion was temporarily added to inventories to allow for 
unusual steel and auto inventory buildup. An estimated 
reduction iu imports during the flrst quarter and a sub
sequent makeup in the second, associated with the dock 
strike, were similarly incorporated. 

Amounts of $2.5 billion, $3.0 billion, and $0.5 bilhon wore 
added to tho personal tax function tor the flrst, second, and 
third quarters respectively. The implicit price deflators 
for "other" durables and total private output were reduced 
after the second quarter by 1.7 and 0.3 points respectively, 
on the assumption that the reductions in excise taxes were 
fully passed on to consumers; indirect business taxes were 
reduced by $1.6 billion. 

1965 performance 

The model closely depicted the degree 
and pattern of economic expansion 
during the year. I t yielded a GNP of 
$677.4 biUion for the year as a whole, 
or $1.1 biUion above the actual level. 
This represents an error of 2.3 percent 
in predicting the change in GNP from 
1964, the actual change being $47.6 
biUion. The error in predicting the 
change from the fourth quarter 1964 to 
the. fourth quarter 1965 was only $0.5. 
biUion. As shown in chart 10, the 
model results gave a good depiction of 
the general pattern of quarterly GNP 
changes over the course of the year. 
This pattern was characterized by 

CHART 10 

Predicted Versus Actual Quarterly 

Changes in GNP and 

Major Components, 1965 
Bil $ Change 

, ) GROSS NATIONAL PRODUCT 

I 4 pUcted*« '..^Zdi' 

10 
GROSS PRIVATE DOMESTIC INVESTMENT^ 

• l i ^ c - ^ V - i ^ . 
i 

. > l , 

IMPORTS 

Jii > 
V' .„ s - -̂  ' 

-5 I I . I . 1 ^ 

1 2 3 4 

C h a n g e From Previous Quar te r ,Seosona t !y 

A d j u s t e d , at A n n u a l Ro le 

U.S. Deparlment of Conimefce. Odice of Business Economics 66-5-11 

large changes for the first and final 
quarters and somewhat more moderate 
gains for the intervening periods. The 
major components did not do quite as 
weU on either an annual or a quarterly 
basis. 

Table 4 shows that GNP was sUghtly 
overestimated for each quarter of the 
year, as has been, the tendency since 
the Korean war. This reflects mainly 
a pattern of overestimating personal 
consumption expenditures. Not all 
consumption components were over
estimated, auto purchases being the 
no table exception. Errors in individual 
investment components, though usuaUy 
negative, were relatively smaU, except 
for the underestimate of inventory 
change in the fourth quarter, when 
actual inventories rose by an exceptional 
$10.1 biUion. 

Personal income was overestimated, 
particularly in the third and fourth 
quarters. Positive errors centered in 
wage income and are attributable to an 
increasingly overestimated wage rate. 
Positive errors in wages were partly 
offset by underestimates of nonwage 
personal income. Predicted corporate 
profits (including inventory valuation 
adjustment), which in the model are 
inversely related to the wage rate, were 
also below actual levels. 

GNP in 1958 doUars, unlike current-
doUar GNP, was slightly underesti
mated for the first three quarters of the 
year and substantially so—by $7.2 
biUion—for the fourth quarter. This 
reflects excessive price increases pre
dicted by the model. The implicit 
GNP price deflator determined by the 
model was consistently higher than the 
actual, and markedly so by the fourth 
quarter. As shown ia forecasts for 
earlier years, prices have been difficult 
to predict, though not always for the 
same reasons. In the present case, 
excessive price gains yielded by the 
model are clearly associated with over-
estimation of the wage rate. 

Because the price results were not 
very satisfactory, another forecast was 
made with actual price deflators re
placing those predicted by the equa
tions. Since in this version prices were 
assumed to be exogenous, the model 
was reduced in scope to predicting real 
quantities on the product side. 
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Table 6 shows the main results for 
this alternative forecast. Interest
ingly, the behavior of current-dollar 
GNP and its major components was 
little affected during the first three 
quarters by making prices exogenous. 
However, GNP in 1958 dollars was 
estimated above the actual level in each 
quarter in this version. In the fourth 
quarter, current-doUar GNP was $2.6 
billion higher than before; that is, addi
tional real output more than offset the 
reduction in price level. 

In both versions of the forecast, the 
unemployment rate approximated the 
sharp decline that took place over the 
year. In the full version, the rate did 
not fall quite to the actual fourth 
quarter level, while in the exogenous 
price version it dropped below. The 

lower unemployment rate in the exog
enous price version reflects a larger 
gain in emplo3Tnent—virtuaUy the same 
as the actual increase—associated with 
the greater rise in real output. In both 
cases, expansion of the labor force was 
somewhat imderestimated. 

It seems fair to say that this particu
lar forecast has been improved by mak
ing prices exogenous. Whether this 
would be generaUy the case in actual 
ex-ante forecasting depends, of course, 
on how well independent price projec
tions can be made. 

Further research 

The inadequacies of wage and price 
determination in the model potat up the 
need to improve the specifications of 
the wage and price functions. This is a 
major challenge facing all econometric 

model. buUders. Apart from this, fur
ther work is required in several areas to 
improve the OBE model. These areas 
include the monetary equations, the 
equations for inventories, man-hours, 
and imports. In addition, a number of 
the present equations show evidence 
of nonrandom residuals, suggesting the 
need for improved specifications. 

Beyond this, the usefulness, of the 
OBE model would be increased by 
further adapting it for policy purposes. 
This, as has been noted, entaUs the 
introduction of more policy variables 
and also the provision of endogenous 
explanations for as many nonpolicy 
variables as possible. In this connec
tion, the major task ahead is the de
velopment of an endogenous function 
for fixed investment. 

T a b l e 6.—Predicted and Actual Major Forecast I te ins , 1965: Exogenous and Endogenous Price Versions 

(Billions of dollars seasonally adjusted at annual rates, unless not applicable) 

1964-
4th 
Qtr. 

IQ 

Prices 

Exog
enous 

Endog
enous 

Actual 

657.6 

416.9 

27.7 
66.9 

8.8 

6.0 

451.4 

597.7-

110.0 

75.0 

71.3 
3.6 
4.8 

2Q 

Prices 

Exog
enous 

670.9 

424.1 

27.7 
68.1 

7.4 

10.1 

459.3 

605.4 

UD.S 

75.3 

72.1 
3.2 
4.3 

Endog
enous 

670.5 

424.1 

27.4 
68.6 

6.9 

10.1 

458.9 

603.0 

111.2 

75.2 

72.0 
3.3 
4.3 

Actual 

668.8 

424.6 

28.0 
68.4 

6.4 

8.0 

458.5 

603.5 

110.8 

75.6 

71.9 
3.6 
4.7 

3Q 

Prices 

Exog
enous 

683.6 

435.0 

28.0 
68. S 

7.6 

9.3 

475.0 

615.0 

111.2 

75.6 

72.4 
3.1 
4.2 

Endog
enous 

683.3 

434.4 

27.5 
69.7 

7.0 

9.4 

474.4 

611.2 

111.8 

75.5 

72.3 
3.2 
4.2 

Actual 

681.5 

432.5 

27.7 
70.9 

7.6 

7.4 

471.2 

613.0 

111.2 

75.8 

72.4 
3.4 
4.4 

4Q 

Prices 

Exog
enous 

700.3 

446.1 

26.8 
71.2 

8.5 

8.7 

487.4 

626.6 

111.7 

75.9 

72.9 
3.0 
4.0 

Endog
enous 

697.7 

444.0 

26.4 
72.5 

7.0 

8.8 

484.4 

617.2 

113.0 

75.8 

72.5 
3.3 
4.4 

Actual 

697.2 

441.0 

27.2 
73.0 

10.1 

6.9 

480.3 

624.4 

111.7 

76.1 

72.9 
3.2 
4.2 

Year 

Prices 

Exog
enous 

678.4 

431.3 

27.4 
68.2 

8.1 

8.5 

468.8 

611.5 

110.9 

75.4 

72.2 
3.2 
4.2 

Endog
enous 

677.4 

430.6 

27.0 
69.1 

7.3 

8.7 

467.6 

606.9 

111.6 

75.4 

72.1 
3.3 
4.4 

Actual 

Gross national product 

Personal consimiption expenditures. 

Residential structures 
Fixed investment, nonresidential. 
Cliangc in business inventories 

Not exports of goods and services 

Disposable personal income 

Gross national product (1958 dollars) 

Implicit price deflator tor GNP (1958=100). 

Civilian labor force, millions of persons 

Employment, millions of persons 
Unemployment, millions of persons. 
Unemployment rate, percent 

641.1 

405.9 

26.7 
63.5 

r.5 
8.9 

446.4 

584.7 

109.6 

74.5 

70.7 
3.8 
6.1 

659.0 

419.9 

27.2 
65.3 

8.8 

6.4 

453.5 

599.1 

110.0 

74.9 

71.6 
3.4 
4.5 

658.1 

419.8 

26.8 
65.6 

8.3 

6.5 

452.9 

596.2 

110.4 

74.9 

71.4 
3.5 
4.6 

676.3 

428.7 

27.6 
69.8 

8.2 

7.1 

465.3 

609.6 

110.9 

75.6 

72.2 
3.4 
4.6 

SOURCE: U.S. Department ot Commerce, Offlce of Business Economics and U.S. Department of Labor, Bureau of Labor Statistics. 

(Appendix A follows) 
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APPENDIX A 

ESTIMATED EQUATIONS 

Numbers in parentheses under coefficients are standard errors of the coeflB
cients. Key to variables and other abbreviations follows equations. 

I . GNP Component Equations 

(1) Personal consumption expenditures, automobUes and parts 

C<,=-134.0-11.0 ^ 4 - .104^^=^4-129.0(Jt„)_i-M.854; 
(.14) (6.4)^" (.006) 2'" (19.4) (.30) 

TSLS, 3=.91, S=1.0,D.W.=1.25. 

(2) Personal consumption expenditures, durables other than automobUes 
and parts 

Coi=28.0-\- .060 i - ^ - 65.2 ^- | - .060 (^) ; 
(.07) (.002) P'i (15.2) ^ (.008) \P<«i^-^ 

TSLS, R^=.98 S=.5, D.W.=.88. 

(3) Personal consumption expenditures, nondurables 

C„=31.1+ .252 ~^+ .210 I 2 (Cdil 
(.15) (.025) P^ (.083)^'=-! 

TSLS, ^^=.995, ^=1.0, Z>.T .̂ = 1.23. 

(4) Personal consumption expenditures, services (except housing) 

(7,=-44.2-1- .069 ^^=l̂ -f- .476 i S (a)*+.347iV; 
(.06) (.015) P' (.161) ^'=-1 (.118) 

TSLS, R'=.998, S=.5 , Z>.W. = 1.13. 

(5) One-family housing starts, private nonfarm " 

HS,=- 768-(- .622 {HSs)-i- .113 (HS,)-3 
(7.9) (.137) (.081) 

- 43.9 (r„)_i+1530 (^) - .0216F '̂2°; 
(13.9) (486)^2*^-1 (.0235) 

OLS, ^2=.92,15=54.5, D.W.=1.96. 

11. Prior to 1961 the average Treasury bill yield, lagged two, three, and four quarters, is used in place ot Crm)-i with 
coefficient of -84.8. 



May 1966 S U E V E Y O F C U E E E N T B U S I N E S S 3 1 

(6) Eesidential structures, nonfarm 

JH=-.U -h .001022 [ il(^Hs)-h.4:9 (^HS) 
(1.06) (.000060)1- ^2ft / \ih / - I 

-f-.lO (^ HS^ 1- .19dj-l- .0d2 +.38d3-{-I„r; 
\ 3 * / - 2 j (.21) (.23) (.24) 

OLS, 3=.93, S=.4:, Z>.TF.=1.36. 

(7) Fixed investment, nonresidential 

7p=11.0-H .804/1+ .108(AX)_i+ .524(/J-7 | )_2+.163«+.14C„; 
(1.5) (.045) (.026) (.126) (.012) 

OLS, .B^=.96, -5=1.0, Z?.Pr.=1.25. 

(8) Change in business inventories 

/ i = 4 9 . 9 -f . 2 3 2 ( X - / i - a ) + . 3 6 3 ( 7 < ) - i 
(0.2) (.044) (.084) 

- .354 f 5 (Ii)j+ .215(Ua)-i+.72t+4:.3Adt; 
(.053)^=-° (.064) (.18) (.86) 

TSLS, R'=.8l, S=1.6, Z>.TF.=2.04. 

(9) Imports other than crude materials and foodstuffs 

Fif=l5.5+ .0573 ^ ^ - 49.4 ^ , ; 
(0.1) (.0026) P' ( 1 7 . 0 ) ^ 

TSLS, R'=.97, S=.6, D.W.=.&0. 

(10) Imports of crude materials and foodstuffs 

Ft,n=3.94-\- .0027 ( ^ ; 
(.03) ( .0005)^^*^-1 

OLS, R^=.Z5, S = . 2 , D.W.=1.18. 

I I . Pr ice and Wage Ra t e Equat ions 

(11) Implicit price deflator, gross private output, except housing services 

1 -2 /W—W\ /X\9-2-i 
p= .226 -I-1.305 4 S ( y M + -00208 ( ^ ) ^ A{X-Idi+.00im; 

(.0006) (.076) -̂  *=o V ^ / I (.00042) v ^ " / i-o (.00018) 

TSLS, S2=.996, 5 = . 0 0 4 , I>.1F. = .99. 
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(12) Implicit price deflator, personal consumption expenditures, durables 
other than automobiles and parts 

^ , ^ = - • 0 9 5 + .77Ap+1.08ip„i)-i+ •000154:iUi)-i; 
(.0004) (.18) (.04) (.000045) 

TSLS,R'=.9&,S=.003,D.W.=1.Z9. 

(13) Implicit price deflator, personal consumption expenditures, nondurables 

p„=-.0l9 + .95A2J+1.016(2J„)-i; 
(.0005) (.18) (.012) 

TSLS, R'=.99, S=.003, I'.T^. = 1.86. 

(14) Implicit price deflator, personal consumption expenditures, services 
(except housing) 

p,=-.118 + .155W-I-1.56 ^ ; 
(.002) (.004) (.41) ^ 

TSLS, R'=.99, S=.010, D.W.=.28. 

(15) ImpUcit price deflator, residential structures, nonfarm 

2»= .491 -h .lUw; 
(.002) (.003) 

TSLS, R^=.97, S = . 0 1 1 , D.W.=.73. 

(16) Imphcit price deflator, fixed investment, nonresidential 

qp= .023 +l.39Ap+ .976(gp)_i; 
(.0006) (.23) (.008) 

TSLS, R'=.997, is=.004, D.W.=1.83. 

(17) Wage rate (private sector) 

^^^=^=-.015 + .0106 f s (^'~^r^') V 
^-* (.002) (.0016) l-i=o \ ^L /iJ 

+ .877 g (P'-P'-i\ _|, .00128(Pc-Pc-4)- .311 1 £ r £ = ^ ^ ; 
(.293) *=" ^ P'-^ -''• (.00047) (.119) ''"-a 

TSLS, 'W=.h7, S= .012 , Z>.TF.=.77. 

I I I . Employment , Weekly Hours , and Labor Force Equa t ions 

(18) Average weekly hours (employees) 

K=. .821 -f .223 ^ - .0004U ; 
(.0005) (.018) -*<= (.00004) 

TSLS, R?=.92, S=.003, D.W.=1.71. 
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(19) Man-hours per unit of capacity output 

h(N^-N,+N,)^ _^gg^ _ _ooi09<+[.125 - .00148i] ^*Z'^' 
^' (.0002) (.00008) (.013) (.00059) ^ ^ 

-t- .0579 ^^=^; Z * = i (3X_:+2Z_,-FX_3); 
(.0121) X ' ^ ^ 6 

TSLS, ^ ^ = . 9 9 , -S=.00105, Z>.TF.=.51. 

(20) CivUian labor force 

^ = .5753 + .183 ^ " + ^ ' - H .000474 4-.83(«^^)-,; 
^ (.0030) (.126) ^ (.00023) 

TSLSiTN), S2=.13, S=.0035, Z?.T^. = 1.85. 

IV. Nonwage Income Componen t s Equa t ions 

(21) Nonwage personal income 

P=55.6- | - .149P,-i- .794:t-\-DrV; 
(.2) (.062) (.035) 

TSLS, 1^=.98, 5 = 1 . 6 , D.W. = .QQ. 

(22) Corporate profits and inventory valuation adjustment 

P .=215 .0+ .275 l ^ ] p X - 19.4 ^ - 550 M ^ ^ ^ ^ = # ^ ± ^ - 4 0 . 0 | ? - Z ? „ ; 
(.2) ( .053)L^^_J (11.4)2' (140) ^ ( 7 . 6 ) ^ 

OLS, R'=.99, 8=1.5, D.W.=.59. 
(23) Dividends 

DrV=-.576 + .0418Pc-|- .897DIV-i; 
(.038) (.0102) (.033) 

TSLS, R'=.99, S=.2, D.W.=2.72. 
V. Monetary Equat ions 

(24) Interest rate (short-term), 4-6 month commercial paper 

r ,=1.06- .2142?_i+ .977r<i; 
(.03) (.102) (.087) 

OLS, R^:=.92, S=.24, D.W. = .80. 

(25) Yield, corporate bonds (Moody's) 

r i=.243 -f- .082r,-)- .885(r£)_i; 
(.017) (.030) (.039) 

TSLS, ^=.m, S=.U, Z?.W^.=1.45. 
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(26) Mortgage yield, FHA-insured new homes 

7-,„=.591 -F .198ri-f .739(rJ_i ; 
(.015) (.070) (.077) 

TSLS, S2=.96, iS=.10, D.W.=.97. 

(27) Liquid assets of households 

Zft=-154-1- 1.084:PciC'-{-Cr) + 152 f - l - . 8 5 ( ^ i j - : ; 
(2.4) (.047) (50)^^ 

TSLSiTN), R'=.93, 8=2.4, D.T^.=1.98. 
VI. Miscellaneous Equa t ions 

(28) Capital consumption aUowances, constant doUars (fixed nonresidential 
capital stock) 

Z>P=-4.89-f .0340(iirj) _i; 
(.04) (.0010) 

OLS,R^=.96,S=.2,D.W.=.15. 

(29) Gross private output at capacity '̂  

X,=3.734(10)-°''''''[(ii:,)_,]-'°'[.97(iVi-iV,)]-'''= 

(30) Personal tax and nontax payments '̂  

Tp=ao+a.iY 

(31) Corporate profits tax UabiUty " 

Tc=bo+hiPe 

(32) Indirect business tax and nontax UabiUty 

T i = - 9 . 3 9 - l - . 1 2 5 , ( X - / 0 + •112«; 
(.10) (.011) (.050) 

TSLS, B^=.995, ^ = . 7 , D.W.=.Z6. 

(33) State unemployment insurance benefits 

Ti?„= -1.604-1.11 {NL-NU,-NS) ; 
(.05) (.06) 

TSLS, R'=.88, S=.3, D.W.=.66. 

12. For explanation of how equation is estimated, see Appendix B. 
13. Coefficients are determined on basis ot recent tax behavior and modffied when required to comply with changes in 

the tax Jaws. 
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(34) New orders, manufacturers' durables 

Od=-1.10-}-.955 ^ ; 
(.33) (.052) P'^ 

TSLS, R^=.87, 8=2.3, r>.TF.=1.12. 

(35) Shipments, manufacturers' durables 

Si=13.8-{- .917AiOa)-i- .202A(^ 0^ -\- .715iOa)-2] 
(.3) (.142) (.076) '̂'>* -̂ -1 (.048) 

OLS, P = . 8 4 , ^=1.8 , D.W.=1.33. 

(36) Unfilled orders, manufacturers' durables 

Z7d=-.38 + .92((9d-5tf)+(C/d)-i; 
(.11) (.04) 

OLS, ^^=.93, ;^=.8, D.W.=1.32. 
VII. Identities 

(38) HS=HSs+HS,, 

(39) PaCa+PodCoa+PnCn+PsCs+PrCr-\r qJb 

+I,r+qJp+pIi-hei-pi(F,r+Ft„d+Fe+G=6NP 

(40) GNP=pX-hW,+prCr 

(41) W-\-P+Pc-DIV-ic-ig-hT,-\-TR,+Dae 
+Dane+Ti-S,-\-SD=GNP; \8D\<4.0, \SD-SD-i\<1.0 

(42) Y=W+P 

(43) T=Tj,-TRu~TR„+T, 

(AA\ W-W, 

(*̂ > ^=A.(iV.-ArJ 

(45) p, ^ 7 ^ - ^ 

(46) C"=C„+C^+(7„-fa 

(47) S ^ = F - ^ - i ) , ( ( 7 ' + a ) - ^ c - ^ i ^ / 

(48) Sc=Pc-Tc-DIV 

(49) iiC,= (ii:p)_i-|-.257,-Z?, 



Key to Abbreviations 

(AU variables except interest rates are seasonaUy adjusted. AU components 
of the national income and product accounts are at annual rates; other flow 
variables are at quarterly rates unless otherwise noted. Variables preceded by * 
are exogenous.) 
C Personal consumption expenditures, except housing services, bUlions 

of 1958 doUars. 
Ca Personal consumption expenditures, automobUes and parts, billions of 

1958 doUars. 
* C A Average cost per new private nonfarm housing unit started, in thou

sands of dollars. 
CGP Corporate gross product , biUions of doUars (ratio CGPjpX is assumed 

exogenous). 
Cn Personal consumption expenditures, nondurables, biUions of 1958 

doUars. 
Coi Personal consumption expenditures, durables other t han automobiles 

and par ts , biUions of 1958 doUars. 
*(7r Personal consumption expenditures, housing, biUions of 1958 doUars. 
Cs Personal consumption expenditures, services (except housing), bUlions 

of 1958 doUars. 
di, d2, di Seasonal d u m m y variables, housing expenditures equat ion; d = l in 

quar ter corresponding to subscript, 0 otherwise. 
*da Dummy variable for auto equation (—1 during strike quarter; -f l 

foUowing strike quarter; -|-1 in 1955 to reflect abrupt credit and taste 
changes; 0 otherwise). 

*di Dummy variable for inventory equation (—1 during strike quarter; 
-t-l before and after strike; 0 otherwise). 

*Dac Capital consumption allowances, corporate sector. 
*Danc Capital consumption aUowances, noncorporate sector. 
dev Deviation from least squares linear trend. 
DIV Dividends, biUions of doUars. 
Dj, Capital consumption allowances, constant doUars, flxed nonresidential 

capital stock, quarterly rate, bUlions of 1958 doUars. 
Ci Discrepancy in jumpoff quarter between change in business inventories 

in current dollars and pit. 
*Fe Exports , bUlions of dollars. 
Fif Impor t s other than crude materials and foodstuffs, biUions of 1958 

doUars. 
Fim Impor t s of crude materials and foodstuffs, biUions of 1958 doUars. 
*G = - Government purchases of goods and services, bUlioiis of doUars. 
GNP Gross nat ional product , billions of dollars. 
h Average weekly hours index, private sector (1957-59=1.000) . 
"he Average weekly hours index, self-employed (1957-59=1.000). 
hv, Average weekly hours index, pr ivate employees (1957-59=1.000) . 
HS Private nonfarm housing starts, in thousands at annual rate. 
*HSm Number of new 2 or more famUy units started, in thousands at annual 

rate. 
HSs Number of new single-famUy units started, in thousands at annual rate. 
He Interest paid by consumers, bUlions of doUars. 
% Net interest paid by government, billions of doUars. 
/ft Eesidential structures, nonfarm, billions of 1958 dollars. 
*/ft/ Eesidential structures, farm, bUlions of doUars. 
*/Ar Eesidential construction expenditures on other than new units (addi

tions and alterations, etc.), bUlions of 1958 dollars. 
It Change in business inventories, bUlions of 1958 doUars. 
Ip Fixed investment, nonresidential, bUlions of 1958 dollars. 
Ip Actual plant and equipment outlays in bUlions of dollars deflated by gp. 
*Ip Anticipated plant and equipment outlays; first anticipations in bUlions 

of dollars deflated by 2p_2. 
Kp End of quarter net stock of plant and equipment, bUlions of 1958 

dollars. 
ift End of quarter liquid assets held by households (currency-[-demand 

and bank savings deposits-|-savings and loan shares), in bUlions of 
doUars. 

*N Total population in millions. 
*N' Population, ages 18-64 in mUlions. 
*Ne Self-employed, millions. 
*Ng CivUian government employment, mUlions. 
NL CivUian labor force, mUlions. 
Nv, CivUian wage and salary employment, millions. ,. 

* 



Oa Durab le manufac tu re r s ' new orders, biUions of doUars deflated b y p^n. 
p Implicit price deflator, gross private output, except housing services 

(1958=1.000). 
P Nonwage personal income (sum of proprietors' income, rental income 

of persons, dividends, and personal interest income), bUlions of 
doUars. 

*Pa, Implicit price deflator, personal consumption expenditures, auto
mobUes and par ts (1958=1.000). 

Pc Implicit price deflator, personal consumption expenditures (1958= 
1.000). 

*pt ImpUcit price deflator, imports (1958=1.000). 
Pn Implicit price deflator, personal consumption expenditures, nondurables 

(1958=1.000). 
Poi Implicit price deflator, personal consumption expenditures, durables 

other than automobiles and par ts (1958=1.000). 
*i),. ImpUcit price deflator, personal consumption expenditures, housing 

(1958=1.000). 
Ps ImpUcit price deflator, personal consumption expenditures, services 

(except housmg) (1958=1.000). 
*Pwi Wholesale price index, durable goods (1957-59=1.000). 
Pj Corporate profits and inventory valuation adjustment, biUions of 

doUars. 
gft Implicit price deflator, residential structures, nonfarm (1958=1.000). 
gp ImpUcit price deflator, fixed investment, nonresidential (1958=1.000). 
*R End of quarter excess reserves as percent of total reserves. 
*7'<i Federal Eeserve average discount rate (percent). 
i?ft BLS consumer rent index (1957-59=1.000). 
rz, Percent jaeld, corporate bonds (Moody's) . 
rm Percent yield, secondary market , FHA-insured new homes. 
T-j Eate, 4-6 month commercial paper (percent). 
Sc Undistributed profits and inventory valuation adjustment, bUlions of 

doUars. 
Si Manufacturers' shipments, durable goods, biUions of doUars deflated 

by Pwd-
SD Statistical discrepancy, biUions of doUars. 
*8g Subsidies less current surplus of government enterprises, bUlions of 

doUars. 
Sp Personal saving, bUlions of dollars. 
t Tune m quarters (1953—1=1.0). 
*Tt Employer contributions for social insurance, biUions of doUars. 
Te Proflts tax UabiUty, biUions of dollars. 
*Te Personal contributions for social insurance, bUlions of doUars. 
Ti Indirect business tax and nontax liabUity, biUions of dollars. 
Tp Personal tax and nontax pajmients, bUlions of dollars. 
*TRt Business transfer payments, bUUons of doUars. 
*TRf Personal transfer payments to foreigners, bUlions of dollars. 
*TRo Transfer payments to persons, except State unemployment insurance 

benefits, biUions of doUars. 
TRu State unemplojrment insurance benefits, biUions of dollars. 
Ui Unfilled manufacturers' orders, durable goods at end of quarter, bUlions 

of dollars, deflated by ^„d. 
(^£ft)-i Estimate of lagged disturbance, liquid assets equation. 
(̂ AT̂ )-! Estimate of lagged disturbance, labor force equation. 
V Number of vacant nonfarm housing units, end of quarter, in thousands. 
w Annual wage rate, private sector, in thousands of doUars. 
W Wage and salary disbursements and other labor income, biUions of 

doUars. 
*We Government compensation, bUlions of doUars. 
X Gross private output, except housing services, biUions of 1958 doUars. 
X* Planned private output, biUions of 1958 dollars. 
Xe Gross private output at capacity, bUlions of 1958 doUars. 
Y-T Disposable personal income, bUlions of dollars. 
OLS Ordinary least-squares estimate. 
TSLS Two-stage least-squares estimate. 
TN Equation is estimated using TheU-Nagar transformation of variables." 
D.W. Durbin-Watson statistic: Test for serial correlation of residuals. 
R'' Adjusted coefficient of determination. 
8 Adjusted standard error of estimate. 

14. See H. Theil and A. L. Nagar, "Testing the Independence of Regression Disturbances," Journal of the American 
Statistical Association, LVI (December 1961), pp. 793-806. 
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APPENDIX B 

Method Used To Obtain Estimates of Parameters 

With a few exceptions, the two-stage 
least-squares (TSLS) method was used 
to obtain estimates of the parameters 
in the equations of the model. Among 
the various methods avaUable to obtain 
consistent estimates in an interdepen
dent simultaneous system, this is by 
far the simplest to apply and has been 
shown in past studies to yield acceptable 
results. 

The application of TSLS to obtain 
parameter estimates for the present 
model differs in one important respect 
from the more usual way the method 
is used. The customary procedure has 
been to obtain the first-stage computed 
values by regressing aU "right-side" 
endogenous variables on all prede
termined variables in the system or on 
some selected subset of them. In the 
present instance, because of the large 
number of predetermined variables rela
tive to the number of observations, the 
computed values were obtained by 
regressing the endogenous variables on 
leading principal components of the 
predetermined set.*' In brief, principal 
components are certain linear combina
tions of the variables in the prede
termined set which capture in con
densed form the essential information 
contained in the full array. The 
method was adopted primarUy for 
convenience and to avoid computational 
difficulties associated with large systems 
that have strong correlations among 
the predetermined variables. It was 
found that 10 principal components 
were sufficient and aU but exhausted 
the information contained in the full 
set. Thus, all first-stage regressions 
were based on the set of derived 
variables, 10 in number. 

Specific mention should be made of 
the method used to obtain parameter 

estimates for capacity output given by 
equation (29). The parameter esti

mates were obtained indirectly as 
foUows: 

(1) A linear homogeneous Cobb-
Douglas production function was first 
fitted, using actual private output, 
man-hours employed, and utiUzed cap
ital approximated by multiplying the 
Wharton School Index of capacity 
utUization by total capital. The com
puted elasticities were used in the next 
step. 

(2) The difference log Xc—alogK— 
(l-a)log [.97 (NI,—Ng)] was then 

regressed on time, where Xe=^^Kj' 

(3) The constant term and the co
efficient for time from (2) and the 

elasticities from (1) were incorporated 
into equation (29). Values computed 
from this equation for Xc rather than 
Xc are used to define capacity output. 
The usual supplementary statistics are 
not shown for this equation. 

The above procedure was adopted to 
remove the unrealistic fluctuations in 
capacity output obtained by direct 
application of the Wharton School 
Index. The fluctuations arise primarUy 
because of the inappHeability, in a strict 
sense, of the index, which is based on 
indexes of industrial production, to a 
GNP concept of total private output. 
Although this procedure removes the 
fluctuations, it does not correct for 
possible bias in the estimate of capacity 
level. 

A P P E N D I X C 

T r e a t m e n t o f t h e Stat i s t i ca l Discrepancy i n t h e Model 

15. Seo, for example, T. W. Anderson, An Introduction to 
Multivariate Statistical Analysis (John Wiley and Sons, 
1958), pp. 272-281, and T. ICIoelc and L. B. M. Mennes, 
"Simultaneous Equations Estimation Based on Principal 
Coipponents ol Predetermined Variables," Econometrica, 
January 1960, pp. 45-61. 

In designing econometric models, it 
has been customary to include equa
tions to account for aU but one income 
item—usuaUy corporate profits—which 
is then determined residuaUy through 
the constraint, found in the national 
income and product accounts, that in
come plus reconcUiation items equal 
product. This impUes that values for 
the usual reconcUiation items, including 
the statistical discrepancy, must be 
introduced. In general, the discrepancy 
is set at the previous period's or some 
other predetermined level. 

This procedure has the serious draw
back that the residual item must bear 
the brunt of errors made elsewhere in 
the model—errors that are by no means 
necessarUy offsetting. To aUeviate this 
difficulty, the present model uses a 
different approach. Behavioral equa
tions initially determine all income ele
ments, including corporate profits. 
Then, in order to avoid overdetermina-

tion impUed by adding the income-
product identity (there being then more 
equations than unknowns), the statisti
cal discrepancy is defined as a new vari
able, rather . than assuming a pre-
assigned value. This makes the 
discrepancy, rather than an income 
component, the residual. 

Clearly, the discrepancy cannot be 
allowed to vary mthout hmit since the 
essential identity between income and 
product must hold. Thus, two con
straints are introduced to limit the 
behavior of the discrepancy: (1) Its 
level is constrained to vary within the 
approximate historicaUy observed 
range, from —$4.0 biUion to -f-$4.0 
billion, and (2) its maximum allowable 
quarterly change is set at $1.0 biUion. 
Movements of the discrepancy beyond 
either of these limits give rise to an 
excess that must be ehminated. 

The method of elimination is as 
foUows: Adjustments are made on cer-



May 1966 SUEVEY OF CUEEENT BUSINESS 39 

tain income-determining equations, 
namely those for the wage rate, man-
hours, corporate profits, and personal 
nonwage income, by shifting the con
stant terms in these equations by 
amounts sufficient to eliminate the 
excess discrepancy when the model is 
again solved. 

These adjustments have two effects. 
First, they serve to reconcile income and 
product by spreading the excess re
sidual element among the major in
come components rather than concen
trating it in profits. Second, because 
of feedbacks to spending primarily via 
disposable income, the levels of income 
and product are adjusted to the point 
where they are consistent with both 
the necessary income-product identity 
(within the above-stated discrepancy 
Umit) and the requirements of the 
model. 

The relative amounts of adjustment 
introduced into the four equations are 
somewhat arbitrary; they were de
termined so that the resulting income 
increment or decrement would be 
distributed among wages, corporate 
profits, and personal nonwage income in 
amounts based partly on the relative 
sizes of these components, and partly 
on the residual character of corporate 
profits and entrepreneurial income. 
Equal weight was attached to the wage 
rate and to man-hours in affecting wage 
payments. 

The decision to confine adjustments 
exclusively to income items was not 
arbitrary. It was based on examina
tion of the multipUers implied by the 
given system of equations. This exami
nation showed that errors made on the 
product side of the accounts tend to 
bring about simUar errors on the income 
side in both magnitude and direction. 
Errors on the income side, however, do 
not affect product commensurately, 
and they therefore tend to affect the 
statistical discrepancy. Thus, the pro
cedure adopted is based mainly on 
what is expedient to bring about a 
desired change in the statistical dis
crepancy. However, apart from expedi
ency, it appears quite likely that the 
income equations are more precarious, 
which also suggests the adoption of the 
adjustment procedure, at least on a 
provisional basis. 

APPENDIX D 

Method Used to Solve the Model '̂  

Examination of the model equations 
shows that many of them are nonhnear 
in endogenous variables. Given such a 
system, the usual methods of matrix 
inversion for the solution of a set of 
Unear equations cannot be appUed, and 
an alternative method must be em
ployed. 

The particular method used to solve 
the model was originaUy suggested by 
Professor Klein and consists, essentiaUy, 
in the separation of the equations of the 
system into two parts. The first step 
in the solution is to introduce provi
sional values for a select set of variables 
in one of the parts—^values from the 
previous period are satisfactory for this 
purpose. The variables selected are 
such as to remove the nonUnearities in 
the set so that a Unear solution method 
can be appUed to obtain provisional 
values for the remaining unknowns. 

These values are then introduced into 
the second part, which can then also be 
solved as a linear set. The solution 
yields revised values for the variables 
initiaUy introduced into the first set. 
After a number of iterations (usuaUy 
five to seven), the process converges to 
a solution for the entire set of equations. 

Solution is assumed complete when 
two successive interations yield values 
of the endogenous variables that differ 
by no more than 0.05 percent. This 
ensiires that all variables are computed 
correctly to the degree of precision 
given by the corresponding data. Be
cause of the treatment accorded to the 
statistical discrepancy (see Appendix 
C), the iteration procedure is carried 
out twice for each quarter in which the 
discrepancy does not fall within the 
prescribed Umits. 

APPENDIX E 

Constant and Time Trend Adjustments 

In most of the equations of the model 
there is evidence of serial correlation 
of residuals. This indicates either im
perfections in specification or auto-
correlated errors of measurement in the 
data. To minimize forecasting errors 
resulting from serial correlation, it is 
reasonable to adjust the intercept or 
constant term of each equation showing 
such correlation so that the computed 
value of the dependent variable coin
cides with the last observed value or 
with the average of recently observed 
values. 

In simulating with the model, where-
ever serial correlation was beUeved to 
be present, constants were adjusted as 
just described. Either the value of the 
last quarter (prior to forecast) or 
average values of the last four quarters 
were used depending on whether serial 

correlation was deemed to be strong or 
moderate. For equations estimated 
with the Theil-Nagar transformation, 
this procedure was superseded by ap
propriate explicit treatment of the 
lagged residual. 

In applying the model beyond the 
sample period, it is also appropriate to 
examine residuals in equations contain
ing trend terms to see if there has been 
a shift in the trend. Thus, in making 
the 1965 forecast, a trend correction was 
applied to the man-hours equation 
because of an apparent drift of the 
residuals over the recent period prior 
to 1965. 

16. Solutions were carried out on an IBM 7094 computer 
by means ot a program called OMNITAB. Cf. J. Hilsen-
rath, G. C. Ziegler, C. G. Messina, P. J. Walsh, and E. J. 
Herbold, OMNITAB: A Computer Program for Statistical 
and Numerical Analysis, National Bureau of Standards 
Handbook 101 (U.S. Government Printing Office, 1966). 


